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NECROLOGY. 


DR.   WILBUR   BOILEAU   MARPLE. 

D.  W.  HUNTER,  M.D., 

New  York. 

Wilbur  Boileau  Marple,  son  of  Nathan  Boileau  and  Har- 
riet Clark  Marple,  was  born  at  Columbus,  Ohio,  July  20, 
1855.  He  died  suddenly  at  Kennebunkport,  Maine,  August 
30,  1916. 

After  graduating  from  the  Columbus  High  School  in  1873, 
Dr.  Marple  entered  the  Ohio  State  University  at  Columbus, 
where  he  remained  until  1875.  He  then  went  to  Amherst 
College,  from  which  institution  he  graduated  in  the  class  of 
1877.  He  taught  at  Warren,  Ohio,  from  1877  to  1879,  then 
entered  the  Starling  Medical  College  at  Columbus,  gradu- 
ating in  1881.  After  graduating  he  practised  with  Dr. 
Foster  at  Washington  Court  House,  Ohio,  until  1883,  when 
he  came  to  New  York  and  did  special  work  under  the  late 
Dr.  Herman  Knapp  for  about  a  year.  From  1884  to  1890 
he  was  on  the  medical  staff  of  the  Immigrant  State  Hospital 
on  Ward's  Island.  In  1890  and  1891  he  was  in  Berlin,  Ger- 
many, working  in  the  laboratory  of  Professor  Virchow. 

In  1892  Dr.  Marple  was  appointed  Assistant  Ophthalmic 
Surgeon  to  the  New  York  Eye  and  Ear  Infirmary,  and  in 
1901  he  became  Ophthalmic  Surgeon,  which  position  he  held 
at  the  time  of  his  death.  From  1895  to  1901  he  was  Visiting 
Surgeon  to  the  New  York  Polyclinic  Hospital.  He  became 
Consulting  Surgeon  to  the  Babies'  Hospital  in  1900,  and 
Consulting  Surgeon  to  the  Central  and  Neurological  Hospital 

13 


14  Necrology. 

on  Blackwell's  Island  in  1912,  both  of  which  positions  he  held 
at  the  time  of  his  death. 

Dr.  ]\Iarple  was  a  member  of  the  American  ]\Iedical  Asso- 
ciation, American  College  of  Surgeons,  American  Ophthal- 
mological  Society,  American  Academy  of  Ophthalmology  and 
Oto-larj^ngology,  American  Therapeutical  Society,  New  York 
Academy  of  Medicine,  and  New  York  Ophthalmological 
Society. 

Dr.  Marple  was  the  author  of  a  number  of  contributions 
to  ophthalmic  literature,  among  them  the  following:  "On 
the  Pathology  of  Hypopyon-Keratitis"  (1893);  "The  Indi- 
cations and  the  Contraindications  for  the  Use  of  Atrophine 
in  the  Treatment  of  Diseases  of  the  Eye"  (1897) ;  "Pemphi- 
gus of  the  Conjunctiva"  (1900);  "The  Ocular  Lesions  of 
General  Arteriosclerosis"  (1907);  "Extraction  of  Cataract 
in  the  Capsule"  (1908);  "Some  Observations  on  the  Use 
of  the  Schiotz  Tonometer"  (1911) ;  "Tubercle  of  the  Choroid 
in  Tuberculous  Meningitis"  (1912);  " Ai'teriosclerosis  as 
seen  by  the  Ophthalmologist"  (1915). 

A  well-known  modification  of  the  electric  ophthalmoscope 
bears  Dr.  Marple 's  name. 

Dr.  Marple  is  survived  by  his  wife,  Jane  Hathaway,  and 
by  a  son,  Charles  Allen  Marple,  eleven  years  of  age.  An 
older  son,  Wilbur  Boileau  Marple,  Jr.,  died  in  1900  at  the 
age  of  four. 

It  will  be  seen  that  Dr.  Marple  came  to  the  real  work  of 
his  life  at  a  rather  more  mature  age  than  the  average  man, 
and  with  an  exceptionally  good  preparation.  His  teachers 
predicted  for  him  a  brilliant  career,  and  he  made  good.  He 
would  have  made  good  in  any  profession.  And  right  here 
it  is  interesting  to  note  that  it  was  the  cherished  hope  of 
his  mother  that  he  would  enter  the  ministry. 

It  was  Dr.  Marple's  good  fortune  to  be  associated  in  his 
preparatory  work,  particularly  in  that  portion  of  it  on  Ward's 
Island,  with  men  who  later  became  as  prominent  in  their 
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departments  of  medicine  and  surgery  as  he  was  in  his  own — 
leaders  in  the  medical  thought  and  life  of  their  city  and  coun- 
try. And  the  strong  personal  friendship  existing  between 
these  men,  growing  stronger  and  ripening  as  the  years  went 
by,  kept  Dr.  Marple  in  touch  with  the  wide  field  of  medical 
research  and  practice — lifted  him  out  of  the  ranks  of  the 
mere  specialist.  This  association,  too,  added  to  his  strong, 
magnetic,  friendly,  and  genial  personality  and  his  recognized 
professional  skill,  was  a  factor  in  the  establishment  of  a 
large  and  extremely  choice  following — staunch  friends  as 
well  as  patients.  In  his  student  days  abroad,  too,  he  estab- 
lished lasting  friendships  with  his  teachers  and  fellow- 
students,  strengthened  by  his  many  visits  to  the  other  side. 

While  not  a  prolific  writer,  Dr.  Marple  was  studious  and 
always  keenly  on  the  alert  for  new  methods  and  discoveries. 
His  little  vest-pocket  note-nook  was  his  inseparable  com- 
panion, and  many  a  scientific  discussion  in  the  meetings 
which  he  attended  was  enriched  by  the  judicial  and  impartial 
report  of  his  own  experiences  and  results  with  the  new  method 
or  remedy  under  discussion. 

Dr.  Marple  was  deliberate,  painstaking,  and  systematic, 
with  a  genius  for  organization  and  detail.  He  was  also  a 
good  judge  of  character  and  ability.  The  conduct  of  his 
clinic  bore  striking  testimony  to  these  qualities.  His  admin- 
istrative ability  was  early  recognized.  About  a  quarter  of 
a  century  ago,  in  the  early  days  of  his  practice,  before 
patients  w^ere  very  numerous,  and  when  the  rent  question, 
as  he  told  me,  was  not  only  becoming  urgent  biit  imminent, 
New  York  had  its  last  cholera  scare.  All  the  trans- Atlantic 
liners  were  held  up  and  lay  for  days  in  long  lines  on  each  side 
of  the  harbor  channel,  and  conditions  at  lower  quarantine 
were  more  or  less  chaotic.  Unpreparedness,  even  in  those 
days,  was  not  unknown.  The  health  authorities,  knowing 
the  good  work  he  had  done  on  Ward's  Island,  sent  for  Dr. 
Marple  and  urged  him  to  go  down  to  Hofmann's  Island 
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and  take  charge  of  the  detention  hospital,  giving  him  prac- 
tically carte  blanche.  He  found  the  place  crowded,  filthy, 
and  poorly  lighted,  and  his  first  requisition  was  for  locomo- 
tive headlights, — this  being  before  the  electric  light  age, — 
which  he  placed  at  strategic  points,  leaving  no  portion  of  the 
island  in  darkness.  Under  the  illumination  cleanliness  was 
quickly  restored  and  the  morals  kept  pace.  I  mention  this 
as  only  one  instance  of  his  executive  ability  and  good  gen- 
eralship. Dr.  Marple  told  me  that  the  quite  liberal  remu- 
neration which  he  received  for  his  services  on  that  occasion 
put  him  on  his  feet  and  drove  the  last  wolf  from  the  door. 

The  personality  of  the  man  appealed  to  one.  His  robust 
manhood,  his  exuberant  vitality,  his  frank,  manly  face,  the 
kindly  eyes  which  looked  directly  into  yours,  the  cheery 
voice  that  always  rang  true,  the  firm  grasp  of  the  hand,  the 
compact,  well-knit  figure,  always  perfectly  but  simply 
groomed — who  can  forget  them?  He  came  into  any  assem- 
bly like  a  breath  of  fresh  air  from  the  outside,  and  his  genial, 
friendly  presence  permeated  the  whole  meeting,  the  scientific 
as  well  as  the  social  part.  He  was  a  strong,  steadfast  friend 
and  an  open,  generous  opponent.  If  he  differed  or  disap- 
proved, he  said  so  frankly  and  openly.  He  never  stabbed 
one  in  the  back,  and  he  was  clean  through  and  through. 
Keenly  alive  to  the  little  foibles  of  his  friends,  his  merry 
banter  never  left  a  sting. 

It  was  the  writer's  privilege  to  know  Dr.  Marple  most 
intimately  for  nearly  a  score  of  years,  to  enter  into  his  home 
life,  to  rejoice  with  him  in  the  sunshine  of  success  and  happi- 
ness, and  to  mourn  with  him  under  the  shadows  of  great 
trouble  and  sorrow.  As  husband,  father,  counselor,  and 
friend  he  was  ideal. 

Not  many  months  before  his  death,  on  returning  from  a 
visit  to  a  dear  friend  stricken  with  paralysis,  Dr.  Marple 
expressed  the  hope  that  when  his  time  came  he  might  go 
quickly.    That  hope  was  fulfilled.    On  the  morning  of  August 
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30th  last  he  went  from  his  summer  home  in  Kennebunkport, 
Maine,  to  the  golf  club.  He  was  in  his  usual  health,  happy, 
and  cheerful.  Three  hours  later  word  came  to  that  home 
over  the  telephone  that  he  was  dead. 

In  the  middle  of  the  game  he  loved  so  well,  at  the  ninth 
green,  he  was  adding  up  his  score.  His  companions  who  had 
gone  on  a  few  steps  heard  him  fall.  Without  a  word  or  a 
moan  or  a  sign  of  pain  he  had  passed  on — had  won  the  final 
victory.  And  the  recording  angel  must  have  entered  on  the 
score  card  of  his  life — ''Well  done — in  bogey!" 


MINUTES  OF  THE  PROCEEDINGS. 


FIFTY-THIRD  ANNUAL  MEETING. 

The  Homestead, 
Hot  Springs,  Va.,  May  29,  1917. 

The  Fifty-third  Annual  Meeting  of  the  Society  was  called 
to  order  at  9  a.  m.  by  the  President,  Dr.  Peter  A.  Callan,  of 
New  York. 

The  following  papers  were  read  and  discussed: 

''Heterochromia  Iridis,  Heterochromic  Cyclitis,  and  Allied 
Conditions."     E.  C.  Ellett,  M.  D. 

Discussed  by  Drs.  Jackson  and  Knapp. 

"Two  Cases  of  Congenital  Coloboma  of  Iris  and  Choroid." 
Charles  E.  G.  Shannon,  M.  D. 

Discussed  by  Drs.  White,  Howe,  and  G.  Oram  Ring. 

"The  Removal  of  Foreign  Bodies  From  Within  the  Eye- 
ball and  Orbit.     Report  of  Cases."     Dunbar  Roy,  M.  D. 

Discussed  by  Drs.  Sutphen,  Greenwood,  Harrower,  Ellett, 
Wilder,  Charles,  de  Schweinitz,  Reese,  Wilmer,  Lambert, 
Sweet,  Zentmayer,  Risley,  and  Callan. 

"The  Treatment  of  Detachment  of  the  Retina,  with 
Special  Reference  to  Miiller's  Resection  of  the  Sclera." 
Ervin  Torok,  M.  D. 

Discussed  by  Drs.  Lambert  and  Parker. 

"Report  of  a  Tumor  of  the  Frontal  Lobe  of  the  Brain  with 
Ocular  Symptoms.     Autopsy."     Arnold  Knapp,  M.  D. 

Discussed  by  Dr.  de  Schweinitz. 

"Report  of  a  Case  of  Total  Loss  of  Vision  in  One  Eye  and 
Partial  Loss  in  the  Other  Completely  Relieved  by  a  Sellar 
Decompression  Operation."     Walter  R.  Parker,  M.  D. 
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Discussed  by  Drs.  Clark,  White,  Greenwood,  de  Schwein- 
itz,  Callan,  and  Parker. 

"A  Case  of  Aneurysm  of  the  Internal  Carotid  Artery  (In- 
tracranial Portion)  and  Its  Effect  Upon  the  Patient's  Vi- 
sion."    John  R.  Shannon,  M.  D. 

''Trypanosome  Keratitis,  an  Experimental  Study." 
G.  E.  de  Schweinitz,  M.  D.,  and  Alan  C.  Woods,  M.  D.  (by 
invitation) . 

"Five  Years'  Experience  with  Iridotasis."  David  nar- 
rower, M.  D. 

"Late  Infection  Following  an  Operation  of  Iridotasis  for 
Chronic  Glaucoma.     Enucleation."     Dunbar  Roy,  M.  D. 

Papers  of  Drs.  Harrower  and  Roy  discussed  by  Drs. 
Clark,  Knapp,  Wilder,  G.  Oram  Ring,  and  Roy. 

"Glaucoma  as  a  Result  of  Herpes  Zoster  Frontalis,  with 
Report  of  Cases."     John  E.  Weeks,  M.  D. 

Dr.  Greenwood  showed  a  number  of  lantern  slides  depict- 
ing some  of  the  British  base  hospitals,  including  General 
Hospital  No.  22,  where  the  Harvard  Surgical  Unit  has  been 
located  during  the  past  two  years.  This  hospital  is  one  of 
five  large  British  base  hospitals  located  on  the  western  coast 
of  France,  about  two  miles  from  the  seashore,  on  the  line  of 
the  railroad  that  runs  between  Boulogne  .and  Etaples.  The 
average  British  base  hospital  is  rather  larger  than  the  pro- 
jected American  base  hospital  units,  for  during  a  part  of 
last  summer  General  Hospital  No.  22  was  equipped  to  ac- 
commodate 2300  patients. 

Pictures  showing  the  plan  of  General  Hospital  No.  22, 
and  some  of  the  sanitary  arrangements,  of  which  Dr.  Green- 
wood had  charge,  were  shown  and  explained.  Most  of  the 
wards  of  General  Hospital  No.  22  were  of  tent  construction, 
and  several  pictures  were  shown  of  the  interior  of  one  of  the 
shack  wards  and  also  pictures  of  the  hospital  personnel. 
Several  a;-ray  pictures  showing  bullet  wounds  in  and  about 
the  eyes  were  thrown  on  the  screen,  and  a  description  was 
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given  of  some  of  the  eye  work  done  in  the  hospital  and  the 
surrounding  British  base  hospitals  by  Dr.  Greenwood. 

The  following  physicians  were  invited  to  be  guests  of  the 
Society  and  take  part  in  the  discussions:  Drs.  Alan  C. 
Woods,  Philadelphia;  William  C.  Finnoff,  Denver,  Col.; 
John  Dunn,  Richmond,  Va.;  Louis  D.  Green,  San  Francisco, 
Cal. ;  and  Jas.  A.  Patterson,  Colorado  Springs,  Col. 

EVENING  SESSION,  MAY  29TH. 

The  meeting  was  called  to  order  by  the  President  at  8 
p.  M.,  and  the  following  papers  were  read: 

''Report  of  a  Case  of  Primary  Sarcoma  of  the  Iris,  with 
Remarks."     George  Huston  Bell,  M.  D. 

"On  Varieties  of  the  Fatigue  of  Accommodation  as  Regis- 
tered by  the  Ergograph."     Lucien  Howe,  M.  D. 

Discussed  by  Drs.  Lancaster  and  Howe. 

Dr.  Derrick  T.  Vail  exhibited  an  anterior  capsule  forceps 
which  enables  the  operator  to  easily  strip  off  all  or  the  greater 
part  of  the  anterior  capsule  of  the  cataractous  or  non-cata- 
ractous  lens  prior  to  deliver}^  of  the  nucleus  and  cortex. 

EXECUTIVE  SESSION,  MAY  29TH,  9  O'CLOCK. 

The  following  appointment  w^as  made: 

Auditing  Committee,  Dr.  T.  B.  Holloway. 

It  was  moved  and  carried  that  the  reading  of  the  Minutes 
of  the  last  meeting  be  omitted,  as  the  proceedings  had  been 
published  in  the  Transactions. 

The  report  of  the  Secretary-Treasurer  was  read.  The 
Auditing  Committee  certified  to  its  correctness,  and  it  was 
accepted  and  ordered  filed. 

The  annual  subscription  of  members  for  the  current  year 
was  fixed  at  S5.00. 

Dr.  W.  R.  Parker,  Chairman  of  the  Committee  on  Theses, 
reported  that  theses  had  been  received  from  only  two  of  the 
candidates  proposed  for  membership.     The  Committee  felt 
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that  the  failure  to  send  in  theses  was  partly  due  to  neglect 
on  the  part  of  the  sponsors  of  the  candidates  to  advise  those 
proposed  of  the  provision  of  the  By-Laws  which  requires 
every  candidate  to  prepare  a  thesis  within  two  years  of  the 
time  his  name  is  presented. 

Dr.  Edward  Jackson,  Chairman  of  the  American  Board 
for  Ophthalmic  Examinations,  presented  the  following  an- 
nual report  of  the  Board: 

Annual  Report  of  the  American  Board  for  Ophthal- 
mic Examinations. 

The  American  Board  for  Ophthalmic  Examinations,  since 
its  organization  at  Washington  May  8,  1916,  has  spent  a 
year  of  activity  in  the  work  for  which  it  was  formed.  After 
discussion  it  was  decided  that  all  applications  for  examina- 
tion should  have  the  same  form,  but  that  the  examination 
should  cover,  as  far  as  practical,  the  applicant's  professional 
life;  and,  where  public  and  definite  records  of  his  work  give 
full  guarantee  of  his  fitness  for  ophthalmic  practice,  that  the 
certificate  of  the  Board  should  be  granted,  without  such  an 
examination  as  would  be  necessary  for  those  whose  profes- 
sional record  was  yet  largely  to  be  made. 

Announcements  regarding  requirements  for  applicants 
and  times  and  dates  for  examinations  were  prepared  and 
sent  to  members  of  the  constituent  organizations  and  to 
intended  applicants.  Examinations  have  been  arranged  to 
be  held  at  Memphis,  December  14  and  15,  1916,  and  at 
New  York  city,  June  8  and  9,  1917.  The  total  number  of 
accepted  applications  up  to  this  date  is  117,  of  whom  a  cer- 
tain proportion  will  be  certificated  upon  their  professional 
records.  At  Memphis,  in  December,  11  appeared  for  ex- 
amination. It  is  anticipated  that  a  considerably  larger 
number  will  appear  for  examination  in  New  York  cit}"^  next 
month.  It  is  proposed  to  publish  the  list  of  all  who  have 
been  awarded  the  certificate  of  the  Board  after  the  results 
of  the  examinations  in  New  York  city  have  been  decided. 

Many  letters  of  inquiry  have  been  received,  both  with 
regard  to  the  examinations  and  also  with  regard  to  the  course 
of  study  that  would  prepare  for  such  examinations.     The 
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latter,  coming  both  from  individuals  who  desired  to  take 
such  courses  and  from  institutions  that  propose  to  give  them, 
show  that  the  activities  of  the  Board  have  already  awakened 
an  important  interest  in  the  subject  of  training  for  ophthal- 
mic practice.  This  correspondence  has  entailed  a  large 
amount  of  labor  in  the  Secretary's  office,  as  well  as  on  the 
members  of  the  Board  in  immediate  charge  of  the  examina- 
tions. The  employment  of  an  Assistant  Secretary  for  the 
Board,  as  contemplated  in  the  plan  of  organization,  was 
rendered  necessary. 

In  December  there  was  brought  to  the  attention  of  the 
Board  the  need  for  special  examinations  for  applicants  for 
Fellowship  in  the  American  College  of  Surgeons,  who  claimed 
eligibility  on  the  ground  of  being  engaged  in  ophthalmic 
practice,  and  the  difficulties  experienced  by  the  College  in 
giving  these  applicants  proper  examinations.  It  was  at 
once  evident  that  if  any  special  examination  as  to  the  train- 
ing for  ophthalmic  practice  was  to  be  given  such  applicants, 
it  was  extremely  desirable  that  these  examinations  should 
conform  closely  to  those  given  the  applicants  to  this  Board. 
The  establishment  of  a  single  standard  of  requirement  in 
ophthalmology  throughout  this  country,  the  lack  of  which  is 
so  keenly  felt  with  regard  to  requirements  for  the  general 
practice  of  medicine,  could  thus  be  secured,  to  the  great 
advantage  of  the  applicants,  the  profession,  and  the  public. 

The  Board,  therefore,  immediately  entered  into  negotia- 
tions with  the  authorities  of  the  College,  who  agreed  to  make 
its  members  a  Credentials  Committee  of  the  College,  in 
control  of  all  examinations  in  ophthalmology  conducted  for 
the  College;  and  to  pay  from  its  own  receipts  all  the  expenses 
of  such  work.  The  number  of  such  applicants  awaiting 
examinations  in  ophthalmology  to  determine  their  fitness 
for  Fellowship  in  the  College  is  now  several  hundred.  The 
op[)ortunity  for  prompt  and  wide  extension  of  the  influence 
our  examinations  will  exert  upon  the  teaching,  study,  and 
practice  of  ophthalmology  is  very  important.  It  is  suggested 
that  each  of  the  organizations  represented  in  the  Board 
should  offer  its  representatives  on  the  Board  as  members 
of  the  Credentials  Committee  in  Ophthalmology  of  the 
American  College  of  Surgeons.  It  is  believed  that  affilia- 
tion to  that  extent  will  be  beneficial  in  every  way. 
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The  receipts  of  the  Board  have  been  $3,225.50;  its  ex- 
penditures have  been  SI, 047. 05. 

During  the  year  the  term  of  Dr.  Wilham  H.  Wilder,  repre- 
senting the  American  Ophthahnological  Society,  expired, 
and  Dr.  John  E.  Weeks  succeeded  him.  Dr.  Edward  C. 
Ellett,  representing  the  Section  on  Ophthahnology  of  the 
American  Medical  Association,  and  Dr.  Frank  C.  Todd, 
representing  the  American  Academy  of  Ophthalmology  and 
Oto-laryngology,  whose  terms  also  expired,  were  chosen 
to  succeed  themselves.  In  December  the  Board  lost  the 
services  of  one  of  its  most  active,  earnest,  and  enthusiastic 
workers,  Dr.  Wendell  Reber.  To  fill  the  vacancy  thus 
created,  Dr.  W.  H.  Wilder,  of  Chicago,  was  appointed  to 
represent  the  American  Academy  of  Ophthalmology  and 
Oto-laryngology. 

The  organization  of  the  Board  for  the  past  year  has  been 
as  follows:  Chairman,  Edward  Jackson;  Vice-Chairman, 
JMyles  Standish;  Secretary,  Frank  C.  Todd;  Committee  on 
Preliminary  Requirements,  Myles  Standish,  William  H. 
Wilder,  and  Frank  C.  Todd;  Committee  on  Examinations, 
Hiram  Woods,  Walter  B.  Lancaster,  and  Wendell  Reber; 
Committee  on  Finance,  Edward  Jackson,  Edward  C.  Ellett, 
and  Alexander  Duane. 

Upon  motion  the  Society  adopted  the  report,  and  passed  a 
resolution  offering  its  representatives  on  the  American  Board 
for  Ophthalmic  Examinations  as  members  of  the  Credentials 
Committee  in  Ophthalmology  of  the  American  College  of 
Surgeons. 

Dr.  William  Zentmayer,  Chairman  of  the  Committee  on 
Standardization  of  the  Illumination  of  Test-Cards  and  Per- 
imeters, presented  a  preliminary  report  and  asked  that  the 
Committee  be  continued.  The  Report  of  the  Committee 
is  printed  in  this  volume  of  the  Transactions. 

The  report  of  the  Council  was  read  by  the  Chairman, 
Dr.  R.  A.  Reeve. 

The  Council  offered  the  following  nominations  for  officers 
of  the  Society  for  the  ensuing  year: 

President:   Dr.  William  H.  Wilder,  Chicago,  111. 
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Vice-President:   Dr.  Lucien  Howe,  Buffalo,  N.  Y. 

Secretary-Treasurer:  Dr.  William  M.  Sweet,  Philadelphia, 
Pa. 

It  was  moved  and  seconded  that  the  Secretary  cast  a  ballot 
for  the  nominees,  which  motion  was  carried,  and  the  officers 
were  declared  elected. 

The  Council  recommended  the  following  named  candi- 
dates for  admission  to  the  Society,  and  they  were  declared 
elected  Associate  Members. 

Dr.  Harvey  Howard,  Boston,  Mass. 

Dr.  Wm.  Tarun,  Baltimore,  Md. 

In  referring  the  names  of  other  candidates  to  the  Council 
for  1917  the  Council  emphasized  the  fact  that  in  a  number 
of  instances  this  year  failure  to  comply  with  the  require- 
ments regarding  a  thesis  had  been  the  sole  obstacle  to  elec- 
tion.    It,  therefore,  made  the  following  recommendations: 

First:  That  the  Secretary  shall  send  out  a  general  state- 
ment of  what  would  be  required  in  the  way  of  a  thesis  to  the 
proposer  and  seconder  of  each  candidate. 

Second:  That  the  Committee  on  Theses  shall  have  authority 
to  consider  the  applicant's  previous  work,  as  well  as  the 
thesis  submitted,  and  the  candidate  shall  be  asked  to  submit 
with  the  thesis  the  titles  and  references  of  all  papers  pub- 
lished; and  where  reprints  are  available,  they  should  also 
be  sent  in. 

Third:  The  standards  for  the  thesis  shall  be  in  general 
those  required  by  the  American  Medical  Association,  to  wit: 

(1)  They  shall  contain  and  establish  positively  new  facts, 
modes  of  practice,  or  principles  of  real  value,  or 

(2)  They  shall  embody  the  results  of  well-devised,  original, 
experimental  researches;   or 

(3)  They  shall  present  so  complete  a  review  of  the  facts  on 
any  particular  subject  as  to  enable  the  writer  to  deduct 
therefrom  legitimate  conclusions  of  importance. 

The  Council  recommends  that  members  whose  names  are 
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on  the  program  to  read  papers,  and  who  are  unable  to  be 
present  at  the  meeting,  owing  to  the  claims  of  government 
duties,  may  have  their  papers  read  by  title  and  published  in 
the  Transactions;  and  to  this  end  that  the  by-law  or  regu- 
lation be  suspended. 

Drs.  W.  H.  Wilmer  and  L.  S.  Greene  were  nominated  as 
Delegate  and  Alternate  on  the  Executive  Committee  of  the 
Congress  of  American  Physicians  and  Surgeons,  to  be  held 
in  Washington  in  1919. 

The  Council  recommended  Dr.  William  Campbell  Posey 
for  election  to  the  American  Board  for  Ophthalmic  Exami- 
nations, to  serve  for  three  years. 

The  Council  renominated  the  following  members  of  the 
Societ}^  to  serve  on  the  Board  of  Governors  of  the  American 
College  of  Surgeons:  Drs.  Myles  Standish,  Wm.  H.  Wilder, 
and  Charles  W.  KoUock. 

The  Council  confirmed  the  nomination  by  the  President 
of  Dr.  Hunter,  of  New  York,  to  prepare  a  memorial  notice 
of  the  late  Dr.  Marple. 

It  having  come  to  the  notice  of  the  Council  that  the  names 
of  members  of  the  Society  were  being  used  in  advertise- 
ments by  opticians  and  others,  the  Council  decided  that  the 
proper  course  in  a  case  of  this  kind  was  for  the  member  or 
members  involved  to  give  notice  that  the  practice  be  dis- 
continued. 

The  Council  decided  that  the  next  annual  meeting  be 
held  in  July,  and  empowered  the  President  to  appoint  a 
sub-committee  to  determine  the  date  and  place  of  meeting. 

The  Council  presented  the  following  series  of  resolutions, 
with  the  recommendation  that  they  be  adopted: 


Whereas,  It  is  officially  stated  that  in  the  present  crisis 
of  our  country  the  Government  will  need  the  services  of 
every  available  medical  man;   and 

Whereas,  The  present  number  of  ophthalmologists  in 
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the  regular  medical  department  and  Officers'  Reserve  Corps 
is  too  small  to  meet  requirements;  and,  further, 

Whereas,  The  present  classification  of  ophthalmologists 
as  surgeons  has  a  tendency  to  prevent  volunteering  because 
it  is  apt  to  assign  to  men  of  special  training  work  for  which 
they  are  unfitted,  and  to  remove  them  from  work  of  great 
importance  which  thej^  can  do. 

Therefore,  Be  it  resolved  by  the  American  Ophthalmologi- 
cal  Society,  in  session  at  Hot  Springs,  Va.,  May,  1917,  that 
the  Society  respectfully  makes  the  following  recommenda- 
tions : 

1.  That  ophthalmologists  be  classed  as  a  vseparate  division 
of  the  Medical  Department. 

2.  That  a  survey  be  made  of  the  ophthalmologists  of  the 
United  States  for  duty  in  various  lines  of  work  (examination 
of  visual  qualifications  of  recruits,  aviation  corps,  signal 
corps,  detection  of  malingerers,  hospitals,  etc.). 

3.  That  the  proper  persons  to  make  this  vsurvey  are  the 
members  of  the  Su})-connnittee  on  Ophthalmology  of  the 
General  Medical  Board  of  the  Council  of  National  Defense. 

4.  That  the  Society  respectfully  petitions  the  Surgeon 
General  of  the  United  States  Army  to  appoint  this  Sub- 
Committee  on  Ophthalmology  to  make  a  review  of  the 
ophthalmic  profession  of  the  country  and  submit  to  the 
Department  lists  of  men  best  qualified  to  fulfil  the  various 
duties  falling  upon  ophthalmologists. 

5.  That  the  Surgeon  General  be  further  petitioned  to 
follow  the  recommendations  of  this  Board  in  the  assignment 
of  work  as  closely  as  is  consistent  with  the  good  of  the  ser- 
vice, requesting  the  men  selected  by  the  Board,  but  not 
members  of  the  Officers'  Reserve  Corps,  to  volunteer  for 
such  service  as  the  Board  may  designate. 

Upon  motion  the  report  of  the  Council,  with  the  recom- 
mendations made,  was  adopted. 

The  following  Committees  were  announced  by  the  Presi- 
dent: 

Council:  Drs.  Alex.  Quackenboss,  Arnold  Knapp,  Wm. 
Zentmayer,  C.  F.  Clark,  and  Cassius  D.  Wescott. 
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Committee  on  Theses:  Drs.  W.  R.  Parker,  George  S.  Derby, 
and  W.  H.  Wilmer. 

Program  Committee:  Drs.  W.  T.  Shoemaker,  T.  B.  Hollo- 
way,  and  the  Secretary. 

Publication  Committee:  Drs.  W.  E.  Lambert,  Robert  L. 
Randolph,  and  the  Secretar}'-. 

Committee  on  Standardization  of  the  Illumination  of  Test- 
Cards  and  Perimeters:  Drs.  Wm.  Zentmayer,  Geo.  S.  Cramp- 
ton,  and  H.  Maxwell  Langdon. 

Represeiitatives  on  the  American  Board  for  Ophthalmic 
Examinations:  Dr.  Wm.  Campbell  Posey,  to  serve  for  three 
years;  Dr.  J.  E.  Weeks,  to  serve  for  two  years;  and  Dr. 
Myles  Standish,  to  serve  for  one  year. 

At  the  request  of  the  Chairman  of  the  Committee  on 
Theses,  Dr.  Lancaster  was  appointed  to  act  on  the  Com- 
mittee during  the  absence  of  Dr.  Derb3\ 

The  President  appointed  Drs.  John  R.  Shannon,  Robert 
Sattler,  and  David  Harrower  a  committee  to  suggest  the 
date  and  place  of  the  next  annual  meeting,  as  recommended 
by  the  Council.  The  Committee  recommended  the  Hotel 
Griswold,  Eastern  Point,  New  London,  Conn.,  Tuesday  and 
Wednesday,  July  9  and  10,  1918.  The  report  of  the  Com- 
mittee was  adopted. 

The  following  resolution  was  offered  by  Dr.  de  Schweinitz 
and  adopted,  directing  the  Secretary  to  send  the  following 
communication  to  each  member  of  the  Society  now  on  war 
duty  abroad: 

The  Secretary  is  requested  to  extend  to  you  the  cordial 
greetings  of  the  American  Ophthalmological  Society  and 
convey  to  you  the  earnest  wish  of  all  the  members  here 
present  that  you  may  be  preserved  in  health  and  may  be 
enabled  to  carry  on  your  work  to  a  successful  termination. 

Dr.  Edward  Jackson  called  up  his  proposed  change  in 
Article  3,  Section  1,  of  the  Constitution,  which  was  presented 
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at  the  last  meeting  of  the  Society  and  printed  on  page  449 
of  the  Transactions  for  19 IG.  After  considerable  discussion 
the  matter  was  referred  to  the  Council  to  report  at  the  next 
meeting  of  the  Society. 

MORNING  SESSION,  MAY  30TH. 

The  meeting  was  called  to  order  by  the  President  at  9 
o'clock.     The  following  papers  were  read: 

"Asteroid  Hyalitis."     T.  B.  Holloway,  M.  D. 

"Quantitative  Perimetry;  Practical  Devices  and  Errors." 
Clifford  B.  Walker,  M.  D. 

"Sarcoma  of  the  Choroid  with  Secondary  Changes." 
Edward  Jackson,  M.  D.,  and  William  C.  Finnoff,  ^I.  D. 
(by  invitation). 

Discussed  by  Drs.  EUett,  Weeks,  Holloway,  and  Jackson. 

"Report  of  a  Case  of  Bilateral  Inferior  Hemianopsia." 
Henry  H.  Tyson,  M.  D. 

"Neuroma  Embryonale  of  Left  Lateral  Ventricle  of  Brain 
with  Double  Choked  Disc."     Robert  Scott  Lamb,  M.  D. 

Discussed  by  Drs.  Holloway  and  Lamb. 

"Recurrent  Neuroepithelioma."     G.  Oram  Ring,  M.  D. 

Discussed  by  Drs.  Zentmayer,  Risley,  and  Weeks. 

"A  Case  of  Cavernous  Angioma  of  Orbit."  Burton 
Chance,  M.  D. 

Discussed  by  Drs.  Clark  and  Zentmayer. 

"Penetrating  Injury  Limited  to  the  Eyeball,  Followed  by 
Acute  Tetanus."     Robert  Sattler,  M.  D. 

"A  Case  of  Unilateral  Proptosis.  Exploratory  Opera- 
tion. Tentative  Diagnosis  of  an  Ethmoid  Osteoma." 
Robert  Sattler,  M.  D. 

"A  Note  on  the  Relation  of  Sex  Linkage  to  Certain 
Hereditary  Diseases  of  the  Eyes."     Lucien  Howe,  M.  D, 

Adjourned. 
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The  following  members  were  present  and  registered  at  the 
Fifty-third  Annual  Meeting: 


Bell,  Geo.  H. 
Blake,  Eugene  M. 
Callan,  Peter  A. 
Chance,  Burton 
Charles,  J.  W. 
Clark,  C.  F. 
Curdy,  R.  J. 
Ellett,  E.  C. 
Fisher,  Carl 
Greene,  Louis  S. 
Greenwood,  Allen 
Harrower,  David 
Holloway,  T.  B. 
Howe,  Lucien 
Hunter,  D.  W. 
Jackson,  Edward 
Kennon,  B.  R. 
Knapp,  Arnold 
Lamb,  Robert  Scott 
Lambert,  Walter  Eyre 
Lancaster,  Walter  B. 
LiBBY,  George  F. 
Macleish,  a.  L. 
Miles,  Henry  S. 
Ohly,  John  H. 
Oppenheimer,  H.  S. 
Parker,  Walter  R. 


PusEY,  Brown 
Reese,  R,  G. 
Reeve,  Richard  A. 
Ring,  G.  Oram 
Risley,  Samuel  D. 
Roy,  Dunbar 
Sattler,  Robert 
de  schweinitz,  g.  e. 
Shannon,  C.  E.  G. 
Shannon, John  R. 
Shoemaker,  Wm.  A. 
sutphen,  t.  y. 
Sweet,  Wm.  M. 

TOROK,  E. 

Tyson,  H.  H. 
Vail,  Derrick  T. 
Waite,  Frank  L. 
Walker,  Clifford  B. 
Weeks,  John  E. 
Wescott,  Cassius  D. 
White,  J.  A. 
Wilder,  Wm.  H. 
Williams,  Carl 

WiLMER,  W.  H. 

Wilson,  F.  M. 
Woods,  Hiram 
Zentmayer,  Wm. 


HETEROCHROMIA  IRIDIS,  HETEROCHROMIC 
CYCLITIS,   AND   ALLIED   CONDITIONS. 

E.  C.  ELLETT,  M.D., 

Memphis,  Tenn. 

There  is  no  doubt  that  there  is  a  definite  clinical  and  patho- 
logic picture  or  syndrome  to  which  Harrison  Butler  has  given 
the  name  of  heterochromic  cyclitis,  but  as  the  condition  is 
by  no  means  common,  it  happens  that  many  men  have  not 
had  it  called  to  their  attention.  On  account  of  its  importance 
from  a  prognostic  point  of  view,  and  from  the  fact  that  the 
condition  has  not  impressed  itself  on  a  number  of  practi- 
tioners with  whom  I  have  spoken,  it  seemed  to  me  that  the 
report  of  a  few  more  or  less  related  cases  might  possess  some 
interest.  In  collecting  the  material  for  this  report  there  were 
several  cases  which  presented  the  development  of  the  picture 
as  far  as  the  onset  of  cataract,  and  two  in  which  glaucomatous 
symptoms  were  added.  There  were  some  other  cases,  of 
great  interest  to  me,  and  which  presented  the  association  of 
glaucoma  with  uveitis,  which  I  have  included  in  the  report 
under  the  subtitle  of  "allied  conditions." 

By  heterochromia  iridis  we  mean  a  condition  in  which  the 
iris  of  one  eye  differs  in  color  from  that  of  the  other.  We  do 
not  include  cases  of  different-colored  sectors  in  an  iris  whose 
background  is  of  the  same  color  as  that  of  the  fellow-eye, 
but  those  cases  in  which  the  whole  iris  is  of  the  same  color, 
but  different  from  that  of  the  other  eye.  This  condition  is 
not  rare,  and  it  usually  occurs  in  brunettes,  and  is  noticed 
at  birth  or  in  early  life,  certainly  before  maturity,  in  the 
large  majority  of  cases.  It  has  been  stated  that  one  eye  has 
the  color  of  the  father's  eyes  and  the  other  that  of  the 
mother's,  but  this  observation  could  be  true  only  in  case  the 
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condition  was  present  as  a  congenital  anomaly,  and  not  in 
those  cases  which  are  supposed  to  be  distinctly  pathologic, 
and  which  are  the  ones  of  most  interest  to  us.  As  a  corollary 
to  this  statement  we  find  it  further  recorded  that  the  differ- 
ence in  color  may  arise  in  one  of  two  ways — either  that  no 
pigmentation  occurs  in  one  eye,  or  that  it  occurs  and  is  sub- 
sequently lost  through  some  pathologic  process.  The  patho- 
logic changes  are  almost  invariably  observed  to  occur  in  the 
lighter  colored  eye.  There  are  a  few  exceptions  to  this,  but 
very  few.     These  changes  consist  in: 

1.  Evidence  of  a  Chronic  Low-grade  Cyclitis. — Rarely  is 
there  any  ciliary  injection  or  manifest  changes  in  the  iris  or 
choroid,  or  subjective  symptoms,  such  as  would  attend  these 
changes.  What  we  do  find  are  vitreous  opacities  and  deposits 
on  the  posterior  surface  of  the  cornea.  In  my  experience, 
the  vitreous  opacities  are  much  the  more  frequent. 

2.  Development  of  Cataract. — The  peculiarities  of  this  cata- 
ract are,  in  the  first  place,  the  youth  of  the  patient,  since  it 
generally  appears  before  the  age  at  which  we  would  expect 
to  see  cataract.  It  would  be  well  to  examine  carefully  the 
cases  of  juvenile  cataract,  not  of  the  zonular  type,  and  cata- 
ract occurring  in  persons  under  fifty,  and  limited  to  one  eye, 
for  evidences  of  heterochromic  cyclitis.  Another  peculiarity 
of  this  cataract  is  that  the  other  eye  is,  and  remains,  free 
from  a  similar  disorder.  The  cataract  pursues  an  irregular 
course,  but  since  the  progress  of  all  cataracts  is  extremely 
uncertain,  it  is  perfectly  regular  as  regards  this  feature.  It 
tends  to  progress  to  maturity  and  there  is  no  contraindica- 
tion to  its  removal.  • 

3.  The  Development  of  Glaucoma  Simplex. — This  is  by  no 
means  the  usual  termination  of  this  disease,  as  only  a  few 
such  cases  are  recorded.  I  have  seen  only  two  such  myself, 
although  it  has  been  carefully  looked  for.  The  glaucoma 
may  follow  extraction  of  the  lens,  or  it  may  occur  in  an  eye 
in  which  the  cataractous  lens  is  still  present. 
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We  may  say  at  once  that  the  underlying  cause  of  this  con- 
dition is  not  known.  Most  of  the  speculation  on  the  su})ject 
is  along  the  lines  of  a  lesion  of  the  cervical  sympathetic. 
Such  a  lesion  is  not  a  vague  and  indefinite  thing,  but  a  very 
definite  thing,  and  may  result  from  injury,  from  the  presence 
of  tumors,  from  involvement  in  inflammatory  or  malignant 
processes,  the  pressure  of  scars,  aneurysm,  disease  of  the 
spinal  cord  or  vertebrae,  cervical  rib,  and  certain  affections  of 
the  lungs,  all  of  which  may  cause  either  irritation  or  paraly- 
sis, and  none  of  which  should  the  resources  now  available 
for  purposes  of  diagnosis  fail  to  reveal.  Idiopathic  paralysis 
of  the  cervical  sympathetic  is  said  to  occur  (Weeks). 

The  relation  of  the  cervical  sympathetic  to  the  eye  is  pretty 
clearly  understood,  and  is  well  set  forth  in  that  part  of  the 
symposium  on  the  subject  contributed  by  Dr.  de  Schweinitz 
before  the  Section  on  Ophthalmology  of  the  American  Medi- 
cal Association,  1903.  According  to  his  conclusions,  based 
on  a  thorough  study  of  the  experimental  work  and  on  clinical 
observations,  the  effects  of  section  of  the  sympathetic,  or 
removal  of  a  portion  of  the  nerve  or  one  or  more  of  its  cervi- 
cal ganglia,  are  temporary,  and  consist  of  changes  in  the  size 
of  the  pupil,  slight  changes  in  intraocular  tension,  vascular 
changes,  and  possibly  trophic  changes.  There  is  not  much 
in  this  catalogue  of  effects  to  suggest  a  very  great  influence 
in  bringing  about  the  changes  under  consideration.  If 
disease  of  the  cervical  sympathetic  is  potent  as  a  cause  of 
glaucoma,  the  removal  of  certain  of  its  ganglia  was  not  fol- 
lowed by  such  results  as  to  give  the  procedure  a  permanent 
place  in  the  measures  advocated  for  the  relief  of  that  dis- 
ease. 

If  it  can  be  established  that  the  cyclitis  preceded  the  hetero- 
chromia, it  is  not  necessary  to  look  bej^ond  the  eyeball 
itself  for  an  explanation  of  the  whole  process.  Discoloration 
of  the  iris  is  always  present  when  that  membrane  is  inflamed, 
and  a  chronic  uveal  inflammation  affecting  the  anterior  seg- 
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^ment  could,  of  course,  account  for  a  permanent  alteration 
in  the  color  of  the  iris. 

Several  cases  of  injury  to  the  cervical  sympathetic  have 
already  been  reported  from  the  European  battle-fields,  and 
while  a  variety  of  other  symptoms  have  been  noted,  there 
has  been  nothing  remotely  suggestive  of  such  symptoms  as 
these  we  are  now  considering.  Nevertheless,  other  cases 
have  been  recorded  of  injuries  to  the  sympathetic  during 
birth  and  in  other  ways  in  which  heterochromia  iridis  fol- 
lowed.* 

That  the  pathologic  changes  are  not  the  same  in  all  cases, 
or  at  any  rate  have  not  always  been  interpreted  in  the  same 
way,  is  indicated  in  the  following  quotation  from  Lutz: 

"The  pathologic-anatomic  researches  of  Scherl  point  to  an 
absence  of  the  mesodermal  pigment  in  the  iris  and  choroid. 
Those  of  Fuchs,  however,  point  to  changes  in  the  iris  and 
in  the  outer  layers  of  the  retina,  which  in  all  probability  may 
be  considered  to  be  the  sequel  of  a  chronic  inflammation." 

Since  Jonathan  Hutchinson  first  mentioned  the  conditionf 
several  more  or  less  extensive  studies  have  been  made  of  it, 
especially  by  Sj^m,!  Fuchs,§  Lutz,|l  and  lastly  Harrison 
Butler. •!  From  the  last  two  I  have  borrowed  information 
freely. 

Lutz  reported  17  cases.  In  about  one-half  of  them  there 
were  present  such  evidences  of  chronic  inflammatory  proc- 
esses that  the  heterochromia  partook  of  that  type  which  we 
might  expect  to  see  in  chronic  iridocyclitis.  The  ages  of  the 
17  patients  at  the  time  when  the  heterochromia  was  first 

*  M.  S.  Mayou:  Oj^hthalmoscope,  vol.  xiv,  p.  421;  Trans.  Oph.  Soc.  Unit. 
Kingd.,  1910,  vol.  xxx,  p.  196;  "Sympathetic  Paralysis  and  Cervical  Rib,  two 
cases.     No  Heterochromia,"  Ophthalmoscope,  vol.  xiv,  p.  313. 

t  Royal  London  Oph.  Hospital  Reports,  1869. 

X  Ophthal.  Review,  1889,  ten  cases. 

§  Klin.  Monats.  f.  Augenheilk.,  September,  1906;  Zeitsch.  f.  Augenheilk., 
1906;   Lehrbuch  f.  Augenheilk.,  1902. 

II  Zeitsch.  f.  Augenheilk.,  Bd.  xix. 

^  Ophthalmoscope,  vol.  ix,  p.  .501. 


Ellett:  Heterochromia  Iridis  and  Allied  Conditions.    35 

noticed  were  as  follows:  At  birth,  7;  in  first  decade,  1;  in 
second  decade,  5;  in  third  decade,  4.  In  the  17  patients 
opacity  of  the  lens  or  its  capsule  was  seen  11  times;  vitreous 
opacities,  10  times;  and  glaucoma,  3  times.  Usually  more 
than  one  of  these  conditions  were  present  in  the  same  case. 

The  conditions  to  which  I  have  referred  under  the  subtitle 
of  "allied  conditions"  do  not  properly  belong  here  at  all, 
but  it  is  because  of  the  difficulty  of  properly  classifying  them 
that  a  brief  reference  to  them  is  included  and  a  few  cases 
reported  to  better  illustrate  what  I  mean.  They  will  be  seen 
to  be  cases  of  chronic  uveitis,  presenting  vitreous  opacities 
alone  or  vitreous  opacities  with  visible  evidences  of  inflam- 
matory processes  in  the  uvea,  either  in  the  iris,  ciliary  body, 
or  the  choroid.  Associated  with  or  following  these  changes 
is  an  increase  in  intraocular  tension.  When  this  is  present 
as  an  accompaniment  of  iritis,  there  seem  to  be  two  classes 
of  cases — one  in  which  the  usual  treatment  of  iritis  is  fol- 
lowed by  a  subsidence  of  the  h^-pertonus,  and  another  group 
in  which  the  hypertonus  is  aggravated  by  atropin.  The  dif- 
ferentiation of  these  two  is  difficult,  and  the  management  of 
the  second  group  is  even  more  difficult.  Some  of  the  diffi- 
culties will  be  indicated  by  perusal  of  the  case  histories. 

My  own  cases,  12  in  number,  are  as  follows:  Cases  1, 
2,  and  3,  heterochromia  iridis  with  uveitis;  cases  4  and  5, 
heterochromia  iridis  with  cataract;  cases  6  and  7,  hetero- 
chromia iridis  with  cataract  and  glaucoma;  cases  8,  9,  10, 
11,  and  12,  uveitis  with  some  attendant  discoloration  of  iris 
and  glaucoma. 

Case  1. — Heterochromia  Iridis  With  Vitreous  Opacities 
and  Choroidal  Lesions  in  the  Lighter  Eye  {Heterochromic 
Cyclitis). — Miss  Mc,  aged  twenty-six  years.  January,  1917, 
noticed  black  spots  before  the  left  eye  for  a  few  weeks.  Fine 
vitreous  opacities  and  a  few  small  pigment  dots  in  choroid 
in  extreme  nasal  part  of  field.  Heterochromia  iridis.  Left 
eye  lighter.    Wassermann  negative.    The  teeth  are  bad,  and 
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there  are  a  few  pus-cells  in  the  urine.  The  heterochromia  has 
always  been  present.  V.  O.  D.=  20/20  and  Jl;  O.  S.=  20/25 
and  J6.    Tension  normal. 

Case  2. — Heterochromia  Iridis  With  Vitreous  Opacities 
in  the  Lighter  Eye  {Heterochromic  Cyclitis). — ^W.  T.,  aged 
twenty-eight  years,  was  seen  January  1,  1913,  for  correction 
of  refraction.  V.  0.  D.=  20/40.  Homatropin,  sph.  -  1.50O 
cyl.+3.50  ax.  90°=20/20;  O.  S.=  25/70  sph.-3  O  cyl.+ 
4  ax.  90°=  20/20  —  1.  Ophthalmoscopic  and  external  ap- 
pearances normal.  November  8,  1916,  palpebral  conjunc- 
tivitis. 0.  D.  20/60;  sph.- 2.00 Ocvl. +3.50  ax.  90°  = 
20/20;'  O.  S.  20/80;  cyl.-4.00  ax.  180°=  20/20.  Hetero- 
chromia iridis,  the  right  eye  being  the  lighter.  Vitreous 
opacities  right  eye.  Fundus  normal;  lens  clear;  tension 
normal;   cornea  clear. 

Case  3. — Heterochromia  Iridis — History  of  Lues  and  Dis- 
seminated Choroiditis  in  the  Lighter  Eye.  Media  Clear 
(Heterochromic  Cyclitis). — J.  G.,  aged  forty  years,  was  seen 
May  2,  1916.  Nineteen  years  previously  he  had  contracted 
syphilis,  for  which  he  was  treated  for  four  years  and  pro- 
nounced cured.  Two  years  ago  he  had  the  first  complaint 
with  his  eyes,  which  were  sore,  and  the  vision  was  blurred. 
At  this  time  he  had  a  positive  spinal  fluid,  and  received  six 
doses  of  salvarsan.  Since  that  time  he  has  had  occipital 
headaches.  V.  0.  D.=  20  25;  cyl.-0.75  ax.  15°=  20/20; 
O.  S.  =  20/20;  accepts  sph.  +0.25.  '  The  right  iris  is  decidedly 
lighter  than  the  left.  There  is  a  narrow  staphyloma  posticum 
and  a  few  lesions  of  disseminated  choroiditis.  The  pupils 
are  equal  and  active  and  tension  normal  to  fingers. 

Case  4. — Heterochromia  Iridis.  Cataract  in  the  Lighter 
Eye. — G.  R.,  aged  eighteen  years,  was  seen  February  22, 
1916,  complaining  of  failing  vision  in  the  left  eye  for  three 
months.  V.  O.  D.  =  20/20;  O.S.  =  6/200.  Nuclear  opac- 
ity of  left  lens.  Eye  otherwise  normal.  He  was  given  two 
subconjunctival  injections  of  mercury  cyanid  without  bene- 
fit, the  vision  gradually  failing  to  the  ability  to  count  fingers. 
January  3,  1917,  the  left  iris  was  noted  for  the  first  time  to 
be  lighter  than  the  right.  The  cataractous  lens  was  removed 
by  discission. 
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Case  5. — Heterochromia  Iridis — Cataract  in  the  Lighter 
Eye.  Vitreous  Opacities. — F.  G.,  aged  thirty-three  years. 
January  7,  1914,  complains  that  the  vision  of  right  eye  has 
always  been  poorer  than  the  left,  and  for  six  or  eight  years 
he  has  known  that  the  right  eye  was  lighter  in  color  than  the 
left.  A  mature  uncomplicated  cataract  was  seen  in  the  right 
eye,  the  iris  of  which  is  a  light  gray,  that  of  the  left  being 
brown.  The  cataract  was  extracted  from  the  right  eye  with 
vision  20/25.  In  November,  191(5,  the  right  iris  was  thought 
to  be  still  lighter,  vision  same,  tension  normal  (tonometer), 
and  a  few  fine  vitreous  opacities  are  to  be  seen. 

Case  6. — Heterochromia  Iridis  With  Capsular  Opacities 
and  Glaucoma.  Evidence  of  a  past  Iridocyclitis  (Hetero- 
chromic  Cyclitis  With  Glaucoma). — Miss  C.  N.,  aged  fourteen 
years,  was  seen  February  15,  1917.  The  right  eye  has  al- 
ways been  blind  and  has  looked  just  as  it  does  now  since 
birth.     Her  father  and  mother  both  had  brown  eyes. 

0.  D.:  Iris  grayish  green  in  color;  diameter  of  cornea, 
10  mm.  At  the  inner  and  outer  ends  of  the  horizontal 
diameter  of  the  cornea  is  a  short,  vertical,  and  slightly  curved 
corneal  opacity.  Anterior  chamber  of  normal  depth.  The 
pupil  is  fixed  by  many  posterior  sjniechise  and  is  filled  with 
a  delicate  gray  membrane  attached  to  the  anterior  capsule. 
Tension  +2,  with  McLean  tonometer,  70  mm.  The  eye  is 
blind.     No  deposits  on  the  posterior  surface  of  the  cornea. 

0.  S.:  V.  =  20/25  and  Jl.  Iris  brown,  pupil  and  tension 
normal,  refraction  (honiatropin)  sph.+0.75.  Nose  and 
sinuses  normal.  Has  had  tonsils  and  adenoids  removed. 
No  evidence  of  irritation  or  paralysis  of  the  sympathetic. 

Case  7. — Heterochromia  Iridis — Cataract  and  Glaucoma  in 
the  Lighter  Eye.  Vitreous  Opacities  in  Same  Eye  {Hetero- 
chromic  Cyclitis). — Miss  R,  L.,  aged  about  forty-five  years, 
was  seen  April  30,  1910.  She  gave  a  long  history  of  trouble 
of  an  inflammatory  nature  with  the  right  eye.  She  thinks 
the  vision  in  right  has  always  been  less  acute  than  left,  and 
was  then  O.  D.=  20/200;  sph.-5.50  O  cyl.-l.75  ax.  90°  = 
20/80;  O.S.=  20/25;  cyl.  + 1.50  ax.  180°=  20/20.  She  had 
worn  glasses  of  about  this  formula  for  twelve  years.  The 
right  eye  showed  vitreous  opacities  and  a  posterior  cortical 
opacity.     The  left  eye  was  normal. 
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May  20,  1916,  the  patient  consulted  me  again  for  acute 
conjunctivitis.  Heterochromia  iridis  was  then  noted,  the 
right  being  a  light  blue  and  the  left  a  yellowish  gray  and 
much  darker  than  the  right.  She  says  the  difference  existed 
when  I  saw  her  before.  V.  0.  D.,  counts  fingers  at  2  feet. 
Pupil  5  mm.  and  active.  The  iris  looks  thin  and  smooth, 
especially  at  the  pupillary  margin,  as  if  atrophic.  There  is 
a  large  central  lens  opacity.  Tension  52  mm.  Gradle  and 
60  mm.  McLean.  The  left  eye  is  normal.  This  lady  has 
been  from  time  to  time  under  the  care  of  Dr.  de  Schweinitz, 
who  noted  the  heterochromia  in  1906,  at  which  time  a  few 
pin-point  pigment  dots  on  the  capsule  bespoke  a  form  of 
iritis.  There  were  present,  then,  the  lenticular  and  vitreous 
opacities,  a  pallid  disc,  which  was  not  cupped,  and  much 
choroidal  disturbance.  In  November,  1916,  she  was  again 
his  patient  with  an  attack  of  acute  glaucoma. 

Case  8. — Uveitis  With  Lenticular  Opacities.  Glaucoma. — 
D.  Y.,  aged  forty-eight  years,  was  seen  February  16,  1912, 
complaining  of  a  spot  before  the  left  eye  for  six  months. 
V.  O.  D.=  20/20;  O.  S.=  20/70.  Vitreous  opacities  in  the 
left  eye. 

March  19,  1915,  0.  D.=  20  25  +  ;  O.  S.=  f.  3'.  Vitreous 
opacities  and  a  curved  lenticular  opacity  in  the  lower  inner 
quadrant.  Fundus  normal.  The  patient  was  in  the  office 
with  another  member  of  his  family  and  the  eye  was  hastily 
examined  and  he  was  to  return.  May  27,  1915:  There  is 
vision  in  the  temporal  field  only.  The  vitreous  and  lenticu- 
lar opacities  are  more  dense.  Tension  57  mm.  Right  eye 
is  normal.  June  11th:  Tension  63  mm.  June  12th:  La- 
grange iridosclerectomy  performed  on  left  eye.  August 
19th:  The  operative  result  is  good.  Tension  17  mm., 
nerve  cupped,  good  filtering  scar.  June  30,  1916:  Tension 
0.  D.  28  mm.;  O.  S.  57  mm.  Lens  more  cloudy  in  O.  S., 
August  14,  1916:  Tension  O.  S.  markedly  elevated  to  the 
touch.     No  pain. 

In  January,  1916,  the  patient  saw  Dr.  Calhoun,  of  At- 
lanta. The  tension  of  the  right  eye  was  17  mm.,  but  the 
field  was  contracted  to  15°.  \^^len  I  saw  him  next  in  June, 
1916,  the  field  was  normal. 
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Case  9. — Simple  (ilauconia  in  Right  Eye.  Uveitis  and 
Glaucoma  Developed  Subsequetitly  in  Left  Eye. — J.  R.,  aged 
fifty-four  years,  was  seen  April  17,  1914,  complaining  of  pain 
in  both  eyes  and  impaired  vision  in  the  right.  The  failing 
vision  was  first  noticed  three  months  ago,  and  for  one  month 
the  right  eye  has  been  bhnd.  V.  ().  D.=  0;  O.  S.=  20  30. 
Pupils  5  mm.  and  3.5  mm.;  tension  O.  D.  57  mm.;  O.  S. 
24  mm.  (Gradle).  The  right  disc  is  cupped,  left  normal. 
Left  field  is  normal.  Eserin  was  prescribed  for  use  in  right 
eye. 

November  6,  1914:  V.  O.  S.=  20/40,  with  sph.-0.50o 
cyl.  — 0.50  ax.  90°;  pupil  sluggish;  pain  in  eye  at  times; 
tension  42  mm.  (McLean)  and  32  mm.  (Gradle),  keratitis 
punctata,  and  one  adhesion  and  few  peripheral  yellow  dots 
in  fundus.  Media  clear.  0.  D.,  many  posterior  synechia?. 
Lower  half  of  cornea  hazy  and  stippled  with  deposits  on 
Descemet's  membrane.  Good  reflex.  No  details  of  fundus. 
Under  atropin,  the  left  pupil  dilated  fully.  December  11th: 
V.  O.  S.=  20/40.  One  adhesion.  Atropin  was  prescribed. 
In  right  eye  the  center  of  the  cornea  stains.  December 
12th:   tension  37  mm.  both  eyes.    ' 

Case  10. — Uveitis  With  Glaucoma. — D.  R.,  aged  thirty- 
three  years,  was  seen  April  17,  1911.  In  December,  1910, 
he  was  shot  in  the  right  eye  with  bird-shot,  and  the  eye  was 
removed  by  Dr.  Rightor,  of  Helena,  Ark.  He  complained 
of  some  pain  in  the  left  eye.  The  patient  was  a  particularly 
robust  man,  a  plantation  manager,  in  fine  health  and  of  good 
habits.  V.  O.S.=  20/20;  improved  by  sph.+0.50  O  cyl. 
+0.25  ax.  45°.  Reads  Jl.  Ophthalmoscopic  examination 
normal.  He  wore  an  artificial  eye  (right)  which  gave  no 
trouble.  March  22,  1912,  left  eye  sore  three  daj^s.  Pupil 
dilated  from  atropin.  V.=  20/30,  K.  P.  The  attack  sub- 
sided in  six  days.  December  27,  1912:  Vision  of  left  eye  a 
little  blurred  for  two  weeks;  sees  20/25,  not  improved. 
Cornea  and  aqueous  slightly  cloudy.  Many  spots  of  de- 
posit on  anterior  capsule.  Iris  active;  fundus  very  dim. 
He  was  examined  by  a  syphilographer  who  excluded  syphilis. 
Radiogram  of  right  orbit  showed  a  shot  at  apex  of  orbit, 
possibly  in  the  optic  foramen.  Its  removal  was  advised  and 
declined. 
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January  23,  1914,  patient  wrote  that  eye  was  well.  March 
13,  1914.  One  month  ago  the  eye  was  sore  and  atropin  in- 
stilled. Since  then  the  pupil  has  been  dilated.  V.  =  20  100  +  , 
sph.+0.50  O  cyl.-0.50  ax.  135°=  20/40.  Pigment  de- 
posits on  capsule.  Nerve  cupped.  Tension  60  mm.  Field 
contracted  nasally.  Eserin  contracted  the  pupil  and  reduced 
the  tension  to  50  mm.  March  14th:  Tension  47  mm. ;  March 
19th:  Tension  (fingers)  is  down.  V.=  20/25;  March 
20th:  Tension  52  mm.;  V.=  20/100;  sph. -1.50=  20/25; 
March  30th:  V.=  20/40;  cyl.  -0.50  ax.  135°=  20/30;  tension 
GO  mm.,  but  feels  normal  to  touch;  fundus  same;  March 
31st:  Tension  60  mm.,  taken  with  two  tonometers;  April 
21st:  Marked  iritis;  paracentesis  corneae;  April  22d:  Ten- 
sion reduced;  vision  reduced;  April  23d:  Ether,  upward 
iridectomy;  May  4th:  V.=  6/200;  tension  57  mm.;  much 
pigment  on  capsule,  but  atropin  dilated  the  pupil;  fundus 
seen;  eserin  ordered;  May  5th:  V.=  20/200;  May  6th: 
V.=  10/200;  tension  57;  May  7th:  V.=  10/200;  tension  57; 
May  9th:  V.=  14/200;  sph. -2=  20/100;  May  21st:  Scler- 
ectomy (Lagrange)  with  local  anesthesia;  May  26th:  Wound 
pouts  considerably;  June  8th:  Tension  32  mm. ;  V.=  2/100. 
Atropin  is  being  used,  but  much  deposit  has  formed  on  lens 
capsule;  July  1st:  Wound  flat;  V.=  3/200;  tension  28 
mm.;  much  organized  exudate  in  pupil  and  coloboma ;  July 
24th:  O.S.=  1/200;  tension  37  mm.;  July  25th:  Button- 
hole iridectomy  down  and  in,  the  pupil  and  coloboma  being 
filled  with  exudate;  July  30th:  V.  =  4/200;  tension  32  mm. ; 
August  6th:  Tension  42  mm.;  V.=  3/200;  August  19th: 
Eye  red  and  painful;  tension  17 — 20  mm.;  V.=  moving  ob- 
jects; September  9th:  V.=  shadows;  tension  28;  lens  and 
capsule  opaque;    October  4th:    Iridocychtis  persists. 

March  7,  1915,  a  letter  from  Dr.  Rightor  says  the  eye  is 
very  soft  and  shrinking.  No  infection.  No  inflammation. 
Vision  =1.  p. 

Case  II.— Uveitis  With  Glaucoma. — Mrs.  A.  B.  W.,  aged 
fifty-three  years.  October  25,  1913,  noticed  a  black  spot 
before  right  eye,  and  on  reading  objects  looked  blurred. 
Y.  O.  D.  cyl. -0.50  ax.  180°=  20/20;  O.  S.  cyl. +0.50  ax. 
90°=  20/20. 

The  right  eye  showed  a  few  fine  vitreous  opacities;    the 
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left  one  fixed  one  on  the  posterior  lens  capsule,  in  from  the 
center.  She  was  under  my  treatment  for  six  months,  during 
which  time  the  opacities  became  more  noticeable,  but  vision 
remained  the  same.  She  was  j^iven  various  forms  of  altera- 
tive treatment,  sweats,  galvanism,  and  mercury.  Her  phy- 
sician could  find  no  constitutional  disturbance.  In  June, 
1914,  she  returned  from  a  visit  to  Texas.  I  had  seen  her 
on  March  7th  and  noted  vision  of  20/25  p.;  vitreous  not 
quite  clear.  On  JMarch  Kith  she  consulted  Dr.  J.  S.  Steele, 
of  San  Antonio,  who  found  V.=  15/100,  and  some  posterior 
synechia)  which  he  was  unable  to  break  up,  some  pericorneal 
injection,  and  he  thought  the  tension  was  increased.  A 
Wassermann  was  negative,  but  she  received  four  doses  of 
neosalvarsan  and  iodids,  and  the  pericorneal  injection  dis- 
appeared.    He  did  not  mention  any  local  treatment. 

On  June  14th  there  were  posterior  synechise,  and  the  ten- 
sion was  63  mm.  right  eye,  and  52  mm.  left.  V.  O.  D.= 
15/100;  O.S.=  20/25.  Blood-pressure  145.  Under  eserin 
and  massage  the  vision  rose  to  20/40  right  eye,  and  the  ten- 
sion remained  about  the  same. 

On  July  10th  sclerocorneal  trephining  of  right  eye.  A 
peripheral  opening  in  iris  was  made,  as  the  adhesions  pre- 
vented drawing  out  the  iris  to  make  a  complete  iridectomy. 
July  27th:  Tension  24  mm.  in  each  eye.  V.  O.  D.=  20/40; 
0.  S.=  20/20.  The  field  in  the  right  eye  was  very  small. 
The  vision  in  this  eye  gradually  failed,  and  the  tension  slowly 
rose  until  in  March,  1915,  the  former  was  I.  p.  and  the  latter 
was  52  mm.  April  5,  1915:  Lagrange  operation,  right  eye, 
with  complete  iridectomy.  The  operation  was  perfect  surgi- 
cally, except  a  mass  of  pigment  was  left  on  the  capsule  where 
the  coloboma  joins  the  pupil.  The  tension  was  reduced. 
In  November,  1916,  it  was  35  mm.  McLean.  The  eye  is 
blind,  but  painless. 

The  left  eye  has  shown  variable  tension  from  normal  to 
52  mm.  (Gradle).  The  vision  is  normal,  but  the  fields  show 
contraction.  There  has  been  one  mild  attack  of  iritis  in  Feb- 
ruary, 1915,  since  which  myotics  have  been  used  once  a  day. 
The  nerve  is  moderately  gray  and  slightly  but  distinctly 
cupped. 

Case  12. — Uveitis  With  Temporary  Hypertonus. — W.  E.  C, 
aged  twenty-two  years,  was  seen  February  24,  1917,  com- 
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plaining  of  blurring  of  the  vision  in  left  eye  for  four  days. 
V.=  10/200.  There  was  marked  ciliary  injection,  cornea 
and  aqueous  cloudy,  pupil  slighth'  dilated  and  fixed.  Ten- 
sion undoubtedly  elevated.  The  fundus  was  dimly  seen. 
The  eye  was  tender,  and  the  tonometer  was  not  used,  but 
two  observers  agreed  as  to  the  increase  of  tension.  The 
pupil  was  dilated  with  atropin,  when  the  tension  decreased 
and  the  eye  felt  better.  Keratitis  punctata  was  then  dis- 
cernible, and  a  fresh  choroidal  exudate  2  dd.  wide  and  4  dd. 
above  the  disc  could  be  seen.  In  three  days  vision  was 
20/80.  Atropin  discontinued  on  March  13th.  On  March 
30th  V.=  20/20  p.  The  general  examination  showed  a 
negative  Wassermann  and  incipient  tuberculosis.  No  speci- 
fic medication  was  used,  but  such  general  treatment  as  his 
physician  deemed  necessary,  with  the  addition  of  altera- 
tives. 

DISCUSSION. 

Dr.  Edward  Jackson,  Denver,  Col. :  Any  case  of  uveitis 
involving  the  iris  may  be  attended,  if  severe  enough,  with  a 
permanent  change  in  the  color  of  the  iris;  yet  the  class  of 
cases  to  which  Dr.  Ellett  has  referred  is  a  distinct  special 
class.  I  have  seen  one  case  that  illustrates  the  completeness 
of  the  recovery  that  may  occur  in  cases  of  this  class.  This 
was  in  a  man  who,  at  about  the  age  of  thirty  years,  had  such 
a  uveitis.  He  was  the  brother  of  a  doctor  in  Pennsylvania, 
and  was  for  a  part  of  the  time  in  the  University  of  Pennsyl- 
vania Hospital.  I  saw  him  perhaps  six  or  eight  years  after 
the  attack,  with  a  very  remarkable  difference  in  the  color  of 
the  two  eyes  and  complete  cataract.  \Mien  he  was  about 
forty-one  the  cataract  was  removed.  He  regained  a  vision 
of  5/3.  He  has  been  under  observation  ever  since.  After 
removal  of  the  cataract  there  was  found  no  marked  choroidal 
lesion.  Since  I  first  saw  him,  which  must  be  now  twelve  or 
fifteen  years  ago,  there  has  been  a  noticeable  lessening  in  the 
difference  in  the  color  of  the  irides.  With  reference  to  the 
causation,  if  the  sympathetic  nervous  sj^stem  takes  a  share 
in  the  etiology,  it  is  probable  that  the  ciliary  ganglion  is  an 
important  seat  of  the  lesions. 

Dr.  Arnold  Knapp,  New  York:  In  this  class  of  cases  the 
changes  which  are  most  important  are  not  only  the  change  in 
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the  color  of  the  iris,  but  especially  the  loss  of  uveal  pif^ment 
on  the  posterior  surface  of  the  iris.  For  instance,  if  you 
examine  a  cataract  in  an  eye  with  heterochromia  iridis,  you 
will  be  struck  by  the  absence  of  uveal  pij^rnent  in  the  iris, 
and  the  pupillary  margin  of  the  iris  will  appear  gray,  with 
slight  notches.  We  have  been  watching  tliese  cases  in  the 
hospital  for  a  number  of  years  with  particular  interest,  and 
have  never  been  able  to  find  anything  referable  to  a  dis- 
turbance of  the  sympathetic  system.  In  practically  all  the 
cases  the  patients  have  reacted  to  the  subcutaneous  tubercu- 
lin test,  and  in  a  large  number  they  have  done  well  with 
tuberculin  therapy.  The  prognosis,  as  Dr.  Ellett  says,  is 
good,  so  far  as  removal  of  the  cataract  and  cessation  of  the 
glaucomatous  process  is  concerned. 


TWO  CASES  OF  CONGENITAL  COLOBOMA  OF  IRIS 
AND  CHOROID. 

C.    E.    G.    SHANNON,    M.D., 

l'hilacli'lplii;i. 

Two  sisters,  Emma  T.  and  Ella  T,,  aged  seven  and  eight 
years,  respectively,  were  admitted  to  the  eye  ward  of  the 
Jefferson  Hospital  January  3,  1917. 

Case  1.- — Emma  T.,  the  younger  of  the  two  sisters,  aside 
from  an  attack  of  pneumonia  at  three  years  of  age,  had  al- 
ways been  in  good  health.  Physical  examination  showed 
nothing  abnormal. 

Right  eye:  V.=  fingers  at  six  feet;  no  improvement  with 
glasses.  Eyeball  small;  cornea  pear-shaped,  apex  down  and 
in,  8  by  10  mm.  (Fig.  1).  Iris  presented  a  coloboma  down 
and  in,  reaching  to  periphery  of  cornea.  The  iris  markings 
were  rather  indistinct.  Eye  convergent  about  35  degrees. 
The  fundus  showed  an  extensive  coloboma  involving  the 
retina,  choroid,  and  optic  nerve,  oval  in  shape,  the  long  axis 
vertical.  The  anterior  edge  cannot  be  seen  with  the  ophthal- 
moscope.    The  coloboma  involves  the  papilla,  which  was 


44   Shannon  :   Congenital  Colohoma  of  Iris  and  Choroid. 

enlarged  several  times,  and  so  altered  in  appearance  that  its 
exact  location  was  in  question.  The  border  of  the  coloboma 
was  clearly  defined  and  pigmented.  In  its  upper  portion  a 
few  unpigmented  islands  of  apparently  normal  tissue  could 
be  seen.  The  glistening  white  colobomatous  patch  was 
slightly  below  the  level  of  the  surrounding  retina,  and  showed 
few  ridges  or  depressions.  There  were  no  areas  of  pigmenta- 
tion. A  few  vessels  probably  coming  from  the  adjacent 
retina  and  choroid  were  observed.  Left  eye:  V.=  20/30. 
Eyeball  normal  in  size.  Coloboma  of  iris  pear-shaped  and 
pointed,  extending  to  the  corneal  margin,  as  in  right  eye. 
The  coloboma  of  choroid  is  narrower  than  in  right  eye,  oval 
in  form,  extending  forward  beyond  the  view  by  the  ophthal- 
moscope. Posterior  edge  reaches  only  to  the  lower  margin 
of  the  papilla.  The  papilla  is  normal  in  appearance.  The 
colobomatous  patch  presented  the  same  appearance  as  in 
right  eye.  Dr.  H.  F.  Hansell  performed  advancement  of 
the  extern!  and  tenotomy  of  one  internal  rectus.  There 
were  no  complications. 

Case  2. — Ella  T.,  the  older  of  the  two  sisters,  presented  no 
physical  defects  aside  from  the  eyes.  Right  eye:  V.=  1/10; 
no  improvement  with  glasses,  although  the  ophthalmoscope 
revealed  a  low  myopia.  Cornea  was  small  and  pear-shaped 
(Fig.  2),  about  8  by  10  mm.,  apex  down  and  in;  pear-shaped 
coloboma  of  iris  below  and  in,  ending  in  a  point,  and  com- 
plete. Marked  horizontal  nystagmus.  Media  clear.  The 
nystagmus  prevented  a  satisfactory  view  of  the  fundus. 
Large  oval  colobomatous  patch  of  choroid  extending  far 
forward,  and  involving  posteriorly  the  optic  nerve,  which 
was  greatly  enlarged  and  altered  in  appearance.  The  site 
of  the  optic  nerve  was  indistinguishable.  The  margins  of 
coloboma  moderately  pigmented.  The  general  appearance 
of  the  coloboma  simulated  very  closely  that  shown  in  the 
right  eye  of  the  younger  sister,  Emma.  Left  eye:  V.=  1/10; 
no  improvement  with  glasses;  almost  identical  abnormalities 
as  in  right  eye.     Eye  convergent  40  degrees. 

The  writer,  assisted  by  Dr.  C.  R.  Heed,  performed  double 
advancement  operation  for  the  squint.  It  is  interesting  to 
note  that  the  recti  muscles  appeared  normal  in  size  despite 
the  microphthalmos. 
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Fig.  1. — Case  1. 
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Fig.  2.— Case  2. 
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Family  History. — The  writer  visited  the  home  of  the  chil- 
dren in  Petersbury,  Pa.,  and  found  an  interesting  family 
history: 

Charles  T.,  father  of  Emma  and  Ella,  aged  thirty  years,  a 
farmer  by  occupation,  had  always  enjoyed  excellent  health. 
Examination  of  eyes  revealed  R.  E.  V.=  20/30,  normal  in  all 
respects;  L.  E.=  fingers  at  two  feet;  no  improvement  with 
glasses.  Left  eye:  convergent  40  degrees;  normal  in  size. 
Partial  coloboma  of  iris  below  and  inward,  extending  half- 
way to  the  corneal  margin;  of  the  key-hole  type.  The 
fundus  exhibited  a  typical,  glistening  white  coloboma  of 
oval  form,  reaching  up  to  and  involving  very  slightly  the 
lower  border  of  the  papilla,  which  itself  presented  no  abnor- 
malities. The  upper  margins  of  the  coloboma  were  rather 
heavily  pigmented.  Below,  a  few  choroidal  and  retinal 
vessels  could  be  seen  crossing  a  somewhat  depressed  patch. 
The  field  showed  a  defect  for  white  and  colors  corresponding 
to  the  coloboma. 

Charles  T.  had  five  children,  all  girls,  in  four  of  whom 
the  eyes  were  affected. 

Mary,  aged  six  years,  in  good  health,  but  manifesting 
abnormalities  of  the  eyes  similar  to  those  in  her  two  older 
sisters.  Right  eye:  V.=  fingers  at  8)9  ^eet;  glasses  do  not 
improve.  Eye  normal  in  size.  No  squint.  Coloboma  of 
iris  of  a  key-hole  type  reaching  to  the  corneal  margin,  and 
an  extensive  coloboma  involving  the  entire  papilla,  increas- 
ing its  size  several  times  and  extending  to  the  periphery  of 
fundus.  Left  eye:  V.=  20/30.  Coloboma  of  iris  similar 
to  that  in  the  right  ej^e,  and  choroidal  coloboma  extending 
to  the  lower  margin  of  papilla. 

Hazel,  aged  four  years,  enjoyed  good  health.  V.=  20/30 
in  both  eyes.  Coloboma  of  each  iris.  On  the  right  side 
there  was  a  narrow  bridge  of  healthy  iris  tissue  stretching 
across  the  lower  third  of  coloboma,  which  was  of  the  key- 
hole type  and  complete.  On  the  left  side  the  coloboma  of 
iris  was  pear-shaped,  complete,  and  pointed  directly  down- 
ward. There  was  a  large  coloboma  of  choroid,  oval  in  form, 
the  upper  margins  of  which  were  about  one  half  disc  width 
below  the  papilla.  It  extended  to  the  periphery  of  the  fun- 
dus.    The  same  on  the  left  side,  except  that  the  coloboma 
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was  somewhat  narrower.  The  retinal  vessels  in  both  eyes 
ran  along  the  upper  side  of  the  colobomata. 

Charlotte,  aged  fifteen  months.  A  healthy  and  active 
child,  with  no  ocular  defects. 

Violet  K.,  a  sister  of  Charles  T.,  the  father,  aged  twenty- 
four  years,  has  normal  eyes.  She  has  two  children;  first 
child  normal;  second  child,  Mary,  aged  seven  months, 
coloboma  in  each  eye.  Vision,  follows  the  light.  Both  eye- 
balls microphthalmic :  cornea  Gothic  in  form,  and  pointing 
down  and  in,  about  8  by  10  mm.  Complete  pear-shaped 
coloboma  of  iris  extending  backward  through  the  choroid 
and  involving  the  papilla.  Double  nystagmus.  Right  eye 
convergent  45  degrees. 

Alexander  T.,  aged  forty  years,  unmarried,  brother  of 
Charles  T.     No  abnormalities  of  eyes. 

George  T.,  aged  forty-two  years,  a  second  brother  of 
Charles  T.,  right  eye  normal;  left  eye,  V.=  light  perception. 
Ball  very  small.  Cornea  pear-shaped  8  b}^  10  mm.  Iris 
coloboma  incomplete  and  of  the  key-hole  type.  A  posterior 
polar  cataract  prevented  any  view  of  fundus.  He  has  one 
child  whose  eyes  are  normal. 

William  T.,  aged  forty-seven  years,  oldest  brother  of 
Charles.     Both  eyes  normal. 

Mrs.  Charles  T.  exhibited  no  eye  troubles.  No  history 
of  abnormalities  of  the  eyes  could  be  traced  in  her  family. 

Patton  T.,  aged  seventy  years,  father  of  Charles,  ej^es 
normal.  He  stated  that  his  wife,  deceased,  had  no  difficulty 
with  her  eyes  as  far  as  he  knew.  He  did  not  believe  any 
members  of  her  family  suffered  from  any  eye  troubles,  nor 
could  he  recall  any  evidence  of  ocular  defects  in  his  parents  or 
his  grandparents. 

A  brief  resume  of  the  clinical  aspects  of  these  cases  shows 
refraction  and  visual  acuitj^  of  the  seven  cases:  two  myopia; 
two  hyperopia  astigmatism;  and  one  mixed  astigmatic. 
The  remaining  two  cases  could  not  be  determined.  The  acuity 
of  vision  should  not  necessarily  be  affected  by  colobomata  of 
iris  alone.  In  colobomata  of  choroid,  however,  defective 
vision  is  usually  observed,  especially  if  the  papilla  is  involved. 
In  three  of  the  cases  in  which  the  coloboma  of  choroid  ap- 
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Fig.  4. — Case  1. — Left  eye. 
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proached  or  only  slightly  involved  the  lower  portion  of  the 
disc,  a  vision  of  20/30  was  recorded,  whereas  with  marked 
involvement  of  the  disc  the  vision  was  greatly  reduced. 
The  fields  of  vision,  taken  roughly,  were  deficient  for  white 
and  colors,  corresponding  in  shape  to  the  coloboma. 

The  varieties  of  colobomata  and  frequency  of  occurrence, 
as  collected  from  the  literature,  are  as  follows: 

Hird  examined  119  cases,  as  follows: 

Coloboma  of  iris 82  eyes 

"  choroid 24     '' 

"         at  optic  nerve  entrance 34    " 

of  lens 22     '' 

At  the  macula 6     " 

In  his  own  series: 

Coloboma  of  iris 22  eyes 

"  choroid *. 20    " 

''  at  optic  nerve  entrance 10    " 

of  lens 8     " 

At  the  macula 1  case 

In  the  12  eyes  affected  in  the  writer's  series,  results  were  as 
follows : 

Coloboma  of  iris 12  eyes 

"  choroid 11     " 

"  "  choroid  involving  optic  nerve  4     " 

"  "  lens none 

At  the  macula none 

Other  ocular  abnormalities  include  persistent  pupillary 
membrane;  defects  in  shape,  size,  and  curvature  of  cornea; 
opacities  in  the  lens;  strabismus;  nystagmus;  coloboma  of 
lids;  harelip;  epibulbar  dermoid;  microphthalmos;  persis- 
tent hyaloid  artery;  opaque  nerve-fibers;  coloboma  of  iris 
with  a  bridge. 
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Among  the  writer's  cases  were  observed: 

Nystagmus 2  cases 

Convergent  strabismus 5     " 

^Microphthalmos 5     " 

Cataract 1  case 

Coloboma  of  iris  with  bridge 1     " 

Defects  in  size,   shape,   and  curvature  of 

cornea 5  cases 

Prognosis. — -Conclusive  evidence  is  advanced  that  these 
eyes  are  rather  susceptible  to  inflammation  and  disease. 

The  writer  presents  these  two  cases  of  his  coloboma  and 
choroid  because  of  the  extremely  interesting  family  history 
and  because  he  desires  to  corroborate,  by  the  publication  of 
additional  cases,  the  contention  of  de  Beck,  Arlt,  and  others 
that  hereditary  influence  is  a  predominant  factor  in  many 
cases  of  u'is  coloboma.  It  is  fitting,  perhaps,  to  mention 
briefly  the  more  important  cases  of  congenital  iris  coloboma 
so  far  reported.  deBeck  refers  at  length  to  a  family  by  the 
name  of  Payne,  in  which  nine  members  in  three  generations 
were  affected.  The  father  and  mother  were  normal.  Of  the 
eight  children,  five  presented  iris  colobomata — one  male  and 
four  females.  In  the  third  generation  two  additional  cases 
were  discovered,  both  male.  The  father,  daughter,  and 
grandson  complete  the  lives  of  three  generations  in  succes- 
sion. deBeck,  in  his  report,  gives  a  full  bibliographj^  and 
mentions  two  other  cases  similar  in  character — one  by  Con- 
radi,  of  a  family  in  which  father,  daughter,  and  grand- 
daughter exhibited  iris  colobomata,  and  one  bj^  Streatfield, 
of  two  brothers  who  were  affected  with  iris  colobomata  and 
one  transmitted  it  to  his  son  and  grandsons.  The  colobo- 
mata in  the  grandsons  were  small,  showing  only  deep  notches. 
Other  cases  reported  are :  Rosas,  of  a  mother  with  iris  colo- 
boma in  each  eye.  Of  her  five  children,  two  were  affected — 
one  with  iris  coloboma  in  right  and  the  other  having  it  in 
both  eyes.     Stoeber  gives  the  historj^  of  a  mother  with  iris 
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coloboma  in  left  eye  with  microphthalmos.  Her  two  chil- 
dren were  similarly  affected — both  eyes  in  the  older,  the  right 
alone  in  the  younp;er.  Gesoheidt  reports  a  man  with  iris 
coloboma.  Of  his  five  children,  only  one  was  affected. 
Stilling  reports  a  girl  with  iris  coloboma.  The  father  and 
mother  had  a  similar  defect.  Defichte  reports  two  cases  of 
iris  coloboma  in  children  in  same  family;  Marty,  a  brother 
and  sister  with  coloboma  of  the  iris  and  choroid  in  both  eyes; 
Hoffman,  a  brother  with  coloboma  of  iris  and  choroid  whose 
sister  has  coloboma  of  choroid;  Gleitsmann,  a  mother  with 
iris  coloboma  in  right  eye,  whose  daughter  has  a  coloboma  of 
iris  and  choroid.  Streatfield  reports  a  man  with  double  iris 
coloboma  whose  sister  and  cousins  have  the  same  defect. 
The  grandfather  was  supposed  to  be  similarly  affected,  but 
the  history  of  direct  transmission  is  questionable.  Ewers 
reports  a  mother  and  her  child  suffering  from  iris  coloboma; 
Block,  a  father,  children,  nephews,  and  nieces  similarly 
affected;  Hagstrom,  a  whole  family  in  which  each  member 
had  iris  coloboma;  Erdmann,  a  father  and  two  sons;  Hey- 
felder,  a  mother  and  two  children;  and  Himly,  three  chil- 
dren in  one  family  and  in  another  a  father  and  son,  all  with 
iris  coloboma. 

There  is  an  inclination  among  a  few  observers  of  note  to 
regard  rather  lightly  the  hereditary  influence  of  iris  coloboma. 
The  criticism  has  been  advanced,  notably  by  Professor  Manz, 
that  an  insufficient  number  of  these  cases  have  been  recorded 
to  consider  heredity  as  a  positive  cause.  He  states:*  ''With 
this  anomaly,  its  presence  in  several  members  of  one  family  is 
of  special  interest,  for  here  at  once  the  etiologic  influence  of 
heredity  is  conceivable.  And,  in  fact,  observations  are  not 
lacking  where  this  anomaly  was  found  in  several  members  of 
the  same  family,  and  also  in  parents  and  children.  These 
latter  cases,  which  especially  would  speak  for  inheritance, 
appear,  however,  to  occur  seldom.     However  prone  one  may 

*  Graefe  and  Saemisch,  ii,  p.  86. 
4  • 
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be  in  these  congenital  anomalies  to  think  of  heredity,  how- 
ever impressive  the  individual  positive  cases  in  question 
may  be,  still  they  are  far  too  few  to  allow  of  the  basing  upon 
them  of  any  particular  trustworthy  etiologic  factor."  This 
argument  of  Professor  Manz  is  not  convincing,  according  to 
deBeck,  as  the  sum  total  of  cases  of  iris  coloboma  recorded  is 
relatively  limited,  and  if,  therefore,  we  can  find  among  these 
the  number  already  quoted  above,  where  heredity  is  over- 
whelmingly positive,  then  we  must  feel  that  hereditary  in- 
fluence plays  an  important  part  in  these  conditions. 

Arlt  supported  this  view  of  deBeck  and  believes  it  comes 
generally  from  the  paternal  side.  In  review  of  the  26  ex- 
amples above  recorded,  we  observe  10  were  direct  from  the 
father  and  11  direct  from  the  mother,  3  indirect  through  the 
mother,  and  2  indirect  through  the  father.  In  the  writer's 
cases  it  came,  with  one  exception,  from  the  paternal  side. 

Sex  does  not  assume,  apparently,  a  predominant  role. 
In  119  reported  cases  studied  b}^  Hird,*  in  which  sex  was 
given  in  78,  only  35  were  male  and  43  female.  In  the  16 
cases  presented  by  him  8  were  male  and  8  were  female.  In 
the  7  cases  reported  by  the  writer,  2  were  male  and  5  were 
female. 

Maternal  shock  as  an  etiologic  factor  in  iris  coloboma  may 
be  considered.  Treacher  CoUinsf  states  that  he  found  in 
12  cases  some  mental  fright  had  taken  place  prior  to  birth. 
In  6  cases  it  occurred  the  first  month,  and  from  this  he  con- 
cludes it  must  be  looked  upon  as  the  disturbing  agent.  Hird 
reports  that  in  4  of  his  cases  he  had  found  a  history  of  mater- 
nal fright.  He  is  disinclined  to  believe,  however,  that  a 
mental  process  in  the  mother  will  affect  the  developing  fetus. 

Ring, J  in  his  report  of  a  mother  and  two  children  with 
congenital  defects  of  cornea,  iris,  and  lens,  suggests  an  as- 

*  Ophthalmic  Review,  xxxi,  p.  225. 

t  Trans.  Ophth.  Soc.  U.  K.,  xiii,  p.  128. 

X  Ophthal.  Record,  1917. 
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sociation  between  a  vicious  prenatal  environment  and  the 
development  of  the  ocular  defects. 

According;  to  Parsons,  the  main  theory  that  has  been 
brought  forward  is  one  of  maldevelopment,  v,  Ammon,  in 
1831,  advanced  this  theory,  and  he  was  supported  by  Re- 
mak,  Scholer,  von  KoUiker,  and  others.  Further  investiga- 
tion, however,  revealed  certain  conditions  that  appear  to  dis- 
count this  theory,  and  the  more  important  of  these  are,  first, 
as  pointed  out  by  Parsons,  the  appearance  of  atypical  colobo- 
mata  or  those  directed  other  than  downward;  second,  the 
presence  of  both  layers  of  the  secondary  optic  vesicle  over 
the  colobomatous  area. 

In  explanation  of  the  atypical  forms  Deutschmann  ad- 
vanced the  intra-uterine  inflannnatory  theory,  and  was  sup- 
ported l)y  Schweigger,  de  Lapersonne,  and  Holtzke.  Leber 
and  Addario,  who  exhaustively  investigated  intra-uterine 
inflammation,  declare  it  may  cause  arrested  development 
of  the  whole  eye,  or  a  part,  and  that,  furthermore,  it  may  be 
the  only  etiologic  factor  in  the  absence  of  trauma.  The 
most  satisfactory  explanation,  perhaps,  of  the  atypical 
colobomata  is  that  suggested  by  v.  Ammon  (1858),  who  dis- 
covered an  atypical  subsidiary  fetal  cleft  in  the  animal. 
Van  Dueyse  further  confirmed  this  by  describing  a  double 
fetal  cleft  in  a  calf  embryo.  Parsons  states  that,  accepting 
the  theory  that  colobomata  are  due  to  arrested  defective 
closure  of  the  fetal  cleft,  there  still  remains  the  question  of 
the  mechanism  whereby  this  is  brought  about,  and  the  fol- 
lowing theories  have  been  advanced: 

1.  The  mesoblastic  theory:  The  seat  of  the  mischief  is  in 
the  mesoblast — either  over-  or  under-development. 

2.  The  retinal  theory:  The  primary  seat  is  in  the  retina, 
which  proliferates  unduly. 

3.  The  lenticular  theory :  Closure  is  prevented  by  relative 
abnormal  development  of  the  lens  as  compared  with  the  size 
of  the  eye. 
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Coloboma  of  iris  is  a  most  frequent  form  of  ocular  defects 
and  is  usually  situated  downward  and  inward,  occurring  as 
a  key-hole  or  pear-shaped  pupil. 

Various  theories  have  been  advanced  in  explanation  of  its 
development,  the  most  acceptable  being  that  of  Treacher 
Collins  :*  ' '  Before  the  iris  is  formed  in  the  fetus  there  exists 
between  the  posterior  surface  of  the  cornea  and  the  anterior 
capsule  of  the  lens  the  anterior  portion  of  the  fibrovascular 
sheath  prolonged  round  the  sides  of  the  lens  to  join  it.  The 
cornea,  anterior  fibrovascular  sheath,  and  lens  lie  in  close 
contact  with  each  other.  The  iris  is  developed  by  growing 
forward  from  the  margin  of  the  anterior  chamber,  and  in 
doing  so  has  to  insinuate  itself  between  the  cornea  and  the 
fibrovascular  sheath,  on  the  one  side,  and  the  lens,  on  the 
other,  pushing  the  prolongation  from  the  posterior  fibro- 
vascular sheath  in  front  of  it.  The  anterior  fibrovascular 
sheath  subsequently  becomes  a  pupillary  membrane  of 
which  portions  sometimes  persist.  If  we  suppose  some  ab- 
normal adhesion  to  occur  between  the  cornea,  anterior  fibro- 
vascular sheath,  and  lens-capsule,  or  some  delay  in  their 
separation,  at  the  whole  circumference  of  the  future  anterior 
chamber,  we  can  understand  how  a  mechanical  obstruction 
to  any  growth  of  the  iris  forward  would  be  introduced,  re- 
sulting in  complete  absence  of  iris.  If  the  obstruction  be 
confined  to  a  position  only  of  the  anterior  chamber,  the  cor- 
responding portion  only  of  the  iris  will  be  prevented  from 
growing  forward,  and  the  result  will  be  one  or  more  congen- 
ital colobomata." 

Atypical  colobomata  of  iris  are  rare,  but  quite  a  number 
are  reported.  A  rarity  occurring  in  one  of  my  cases  is  a 
coloboma  of  the  iris  with  a  bridge.  Hird  and  Treacher 
Collins  have  each  reported  one  case.  A  coloboma  of  the 
choroid  and  retina  usually  co-exists  with  coloboma  of  iris, 
although  it  may  appear  alone.     It  may  vary  in  form  and 

*  Trans.  Ophth.  Soc.  U.  K.,  xiii,  p.  128. 
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size.  It  may  appear  as  a  small  area,  oval  in  form,  in  the 
midst  of  apparently  normal  tissue,  or,  again,  it  may  involve 
the  papilla  and  extend  in  an  ever-widening  area  to  the  per- 
iphery of  the  fundus.  The  most  acceptable  explanation  of  its 
origin  is  given  in  Norris  and  Oliver's  System,  vol.  1,  p.  444: 
"All  the  congenital  defects  of  the  choroid,  wherever  situated, 
are  the  same;  an  adhesion  forms  between  the  developing 
retina  and  the  mesoblast,  which  later,  consequently,  fails  to 
become  differentiated  into  the  choroid  and  sclerotic;  where 
the  choroid  is  absent,  there  the  pigment  fails  to  be  formed  in 
the  hexagonal  epithelium." 

Atypical  colobomata  of  the  retina  and  choroid  are  also 
rare.  Parsons*  mentions  14  such  cases.  Macular  colobo- 
mata are  atypical  in  character,  as  the  macula  is  not  devel- 
oped in  the  fetal  cleft.  Parsons  states  that  over  40  cases 
have  been  reported. 

Colobomata  at  the  optic  nerve  entrance  are  extremely 
rare.  Coatsf  has  personally  observed  3  cases  and  has  ex- 
amined 26  cases  reported  in  literature.  VossiusJ  reports 
only  3  cases  in  12,000.  Caspar§  collected  20  cases,  and  this 
number  was  increased  to  48  by  Saemisch.  Cramptonjj  re- 
ports 2  cases  occurring  under  the  care  of  Dr.  Pontius  at  the 
Wills  Hospital. 

Coats  states  that  it  was  really  impossible  to  draw  any 
hard-and-fast  distinction  between  coloboma  of  the  nerve 
and  coloboma  of  the  adjacent  choroid,  and,  indeed,  the  two 
occur  in  combination.  He  divides  the  cases  into  three 
groups : 

1.  Those  in  which  the  lesion  is  a  coloboma  of  the  choroid 
beneath  the  nerve,  the  nerve  itself  being  normal  and  only 
sharing  passively  in  the  deformity. 

*  Pathology  of  the  E\'(\ 

t  Royal  Lond.  Ophth.  Hosp.  Rep.,  xvii,  part  2. 

X  Klin.  Monatsbl.  f.  Augenheilk.,  xxiii. 

§  Dissertation,  Bonn,  1887. 

II  Trans.  Amcr.  Ophth.  Soc.,  1913. 
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2.  Those  in  which  the  lesion  is  a  coloboma  of  the  choroid 
and  nerve. 

3.  Those  in  which  the  lesion  is  a  coloboma  of  the  nerve 
alone,  the  adjacent  choroid  being  normal, 

DISCUSSION. 

Dr.  Joseph  A.  White,  Richmond,  Va.:  In  April,  1917,  a 
young  married  woman,  twenty-six  vears  old,  consulted  me 
and  I  found  V.  R.  E.=  20/100;  with  sph.-4.o  D.=  20/50. 
The  left  eye  was  almost  blind.  In  the  right  eye  there  was 
practically  entire  absence  of  the  iris,  except  a  slight  fringe 
at  the  lower  border.  There  were  a  few  opacities  in  the  lens, 
which  was  slightly  ectopic. 

In  the  left  eye  there  was  no  iris;  the  lens  was  full  of  small 
opacities  and  also  ectopic,  the  lower  margin  being  several 
millimeters  above  the  lower  edge  of  the  cornea.  She  stated 
that  her  father  had  good  eyes,  but  that  the  mother's  were  de- 
fective, as  also  were  those  of  her  brother,  sister,  and  her  baby. 

Her  mother,  aged  fifty-four  years,  came  to  see  me,  and  I 
found  V.  R.  E.=  20/70;  L.  E.=  20/100.  Both  eyes  had 
coloboma  of  the  iris,  the  right  eye  complete,  up  and  out; 
the  left  eye  partial,  down  and  out.  There  was  no  coloboma 
of  the  choroid.  Both  lenses  had  slight  opacities.  She 
said  her  father  had  good  eyes,  but  that  her  mother  became 
blind  with  cataract  at  seventy-two  years  of  age,  and  that 
one  of  her  sisters  had  bad  eyes.  Her  son,  eighteen  years  of 
age,  had  entire  absence  of  iris  in  both  eyes ;  both  lenses  were 
ectopic,  the  upper  edges  being  nearly  on  a  level  with  the 
center  of  the  cornea.  The  right  eye  had  a  clouded  cornea, 
while  the  left  cornea  was  clear.  With  sph.  +  lO  D.  V.= 
20/100,  and  with  sph.  +18  D.  reads  No.  4.  The  other 
daughter,  twenty  years  of  age,  had  no  irides,  with  ectopic 
lenses  and  nystagmus,  and  was  a  cretin. 

The  baby,  fifteen  months  old,  daughter  of  the  first  case 
mentioned,  had  no  irides,  but  lenses  were  nearly  in  proper 
position;  the  right  one  very  slightly  upward.  There  are 
others  in  this  family  with  similar  defects,  as  I  was  informed, 
but  I  was  not  able  to  see  them  before  this  report.  It  would 
be  difficult  to  get  a  family  showing  better  the  influence  of 
heredity  in  congenital  defects  of  the  iris. 
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1)h.  LrcTEN  Howe,  Buffalo,  N.  Y.:  Those  who  have  seen 
the  bibhography  given  by  Loeb  must  have  been  surprised 
to  find  how  many  hundreds  of  cases  we  have  on  record  of 
herechtary  diseases  of  the  eye.  I  think  the  time  has  come  to 
arrange  our  cases  and  try  to  discover  the  Hues  of  succession. 
For  example,  the  geneticists  have  found  that  in  certain 
strains  a  given  malformation  shows  itself  by  preference  in 
one  sex  or  the  other.  We  know,  of  course,  that  in  hemo- 
philia, night-blindness,  and,  to  a  certain  extent,  in  Leber's 
disease,  the  defect  follows  by  preference  the  line  of  the  male 
sex.  Of  late  years  students  of  this  subject  have  been  ex- 
perimenting with  certain  forms  of  insects,  such  as  the  fruit- 
fly,  or  drosophila,  this  being  a  changeable  or  "mutant" 
type.  They  have  bred  this  fly  and  selected  the  "sports" 
which  developed  some  defects  of  the  eyes,  and  these  flies,  in 
turn,  were  interbred.  I  have  here  the  wild  type,  with  the 
ej^es  a  dark  red,  others  of  a  light  red,  a  white,  an  eye  which  is 
barred,  as  they  call  it — a  greatly  deformed  eye;  and  in  some 
specimens  no  eye  at  all.  By  changing  the  mates  apparently 
almost  any  form  of  the  eye  can  be  obtained. 

Dr.  G.  Oram  Ring,  Philadelphia:  A  year  ago  I  exhibited 
before  the  Ophthalmic  Section  of  the  College  of  Physicians 
of  Philadelphia  a  mother  and  child  who  illustrated  this  con- 
dition. The  mother,  aged  thirty-five  years,  showed  a  pro- 
nounced notching  below  and  in  in  one  eye,  and  a  perfectly 
definite  coloboma  in  the  other.  The  second  child,  who  had 
died  a  month  before,  had  shown  a  precisely  similar  appear- 
ance. The  third  child,  who  was  the  one  shown,  exhibited  a 
definite  notching  in  each  iris  but  no  coloboma.  In  all  three 
cases  the  lens  was  involved  in  about  a  similar  way,  so  no 
accurate  appreciation  of  the  condition  of  the  fundus  was  pos- 
sible because  of  the  opacity.  It  is  interesting  to  recall  in  this 
connection  that  the  anterior  segment  of  the  eye  before  the 
iris  is  formed  consists  of  cornea,  anterior  fibrovascular  sheath, 
lens,  ciliary  bod}',  and  posterior  vascular  sheath.  Between 
the  posterior  surface  of  the  cornea  and  anterior  capsule  of 
the  lens  is  situated  the  anterior  portion  of  the  fibrovascular 
sheath.  Its  blood-supply  is  derived  from  the  ciliary  arteries 
and  prolongations  from  the  posterior  fibrovascular  sheath 
around  the  periphery  of  the  lens.    The  iris  develops  by  grow- 
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ing  forward  from  the  margin  of  the  anterior  chamber,  and  in 
so  doing  insinuates  itself  between  the  lens  on  the  one  side 
and  the  anterior  fibro vascular  sheath  on  the  other,  pushing 
the  prolongation  from  the  posterior  sheath  in  front  of  it. 
Later  the  anterior  sheath  becomes  the  pupillary  membrane. 
It  is  not  difficult  to  imagine  that,  as  this  development  goes 
on,  the  iris  may  be  caught,  or  not  permitted  to  grow  at  all, 
if  there  be  any  inflammatory  or  mechanical  obstruction 
present.  WTiat  interests  me  particularly,  by  reason  of  the 
study  of  these  cases,  is  the  difficulty  of  attempting  to  operate. 
When  I  showed  the  cases  it  was  the  general  consensus  of 
opinion  of  those  present  that  it  was  a  proper  procedure.  I 
operated  upon  the  right  eye,  which  had  no  coloboma.  I 
found  that  the  several  spots  in  the  lens  were  almost  calcareous 
in  density,  and  the  result  of  three  discissions  was  no  more 
than  one  should  expect  to  get  from  one  discission  in  an  ordi- 
nary congenitally  opaque  lens.  The  fourth  accomplished  but 
little  more.  The  lens  was  still  hard,  and  there  was  an  open- 
ing of  not  more  than  4  mm.  half  way  through  the  lens.  After 
all  that  work  I  am  still  a  considerable  distance  from  the  pos- 
terior surface  of  the  lens. 


THE  REMOVAL  OF  FOREIGN  BODIES  FROM 
WITHIN  THE  EYEBALL  AND  ORBIT. 

(Report  of  Cases.) 

dunbar  roy,  m.d., 

Atlanta,  Georgia. 

There  is  no  diversity  of  opinion  as  to  the  seriousness  of 
eye  injuries  due  to  the  entrance  of  foreign  bodies  into  the 
eyeball.  There  is  a  consensus  of  opinion  as  to  the  necessity 
of  extracting  the  same  if  we  may  expect  a  favorable  prog- 
nosis. In  cases  of  foreign  bodies,  such  as  iron  or  steel,  all 
ophthalmologists  are  agreed  that  their  removal  by  some 
form  of  electromagnet  is  the  best  procedure.  Opinions  differ 
as  to  the  kind  of  magnet  to  be  used,  whether  the  so-called 
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"giant"  or  the  hand  electromagnet  is  the  better.  If  the 
former,  then  the  question  arises  whether,  in  case  of  particles 
of  iron  or  steel  in  the  posterior  chamber  of  the  eye,  it  is  better 
technic  to  pull  it  aground  the  lens  into  the  anterior  chamber, 
removing  it  througlT'oT corneal  incision,  or  to  make  a  scleral 
cut  at  the  point  nearest  the  foreign  body,  as  localized  by  the 
x-rayTand  at  this  point  attempt  the  removal  of  the  foreign 
body. 

Here  again  must  be  recognized  the  personal  equation  of  the 
operator  and  his  use  of  that  technic  which  has  given  him  the 
best  results.  Personally,  the  writer  has  obtained  far  better 
results  by  the  use  of  the  hand  electromagnet,  such  as  John- 
son's, introducing  the  point  inside  of  the  eyeball,  than  by 
the  use  of  the  giant  magnet. 

In  the  case  of  particles  of  brass,  shot,  or  other  non-mag- 
netic substances,  good  results  depend  upon  the  operative 
dexterity  or  good  luck  of  the  surgeon.  Few  ophthalmolo- 
gists would  admit  that  they  had  ever  seen  two  absolutely 
similar  cases  of  injury  to  the  eye  where  foreign  bodies  had 
penetrated  the  globe  and  where  the  same  operative  technic 
was  suitable  in  each.  In  other  words,  every  case  teaches  the 
observant  surgeon  something  new  which  will  be  of  benefit  to 
him  in  the  management  of  future  cases.  For  this  reason  all 
cases  of  this  kind  reported  in  ophthalmic  literature  may  act 
as  a  guide  to  others  in  some  of  their  future  experiences. 

My  records  show  26  cases  of  perforation  of  the  eyeball  by 
foreign  bodies,  where  these  were  lodged  either  in  the  ball 
itself  or  behind  in  the  orbital  cavity.  ^  Five  of  these  were  of 
such  marked  interest  that  they  will  be  reported  in  detail 
with  a  few  words  of  comment. 

Case  1. — F.  R.,  colored,  aged  twenty-five  years,  injured 
in  right  eye  at  Atlanta  Steel  Works  on  October  6,  1913.  The 
patient  was  seen  at  the  City  Hospital  two  hours  after  injury. 
The  left  eye  had  been  lost  several  years  ago  through  injury. 
While  at  work  a  particle  of  steel  from  a  hammer  struck  the 
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good  eye,  making  a  linear  cut  extending  entirely  across  the 
cornea,  with  iris  protruding,  and  the  whole  eye  filled  with 
blood.  Under  cocain  anesthesia,  with  thorough  antiseptic 
precautions,  the  straight  point  of  a  hand  electromagnet  was 
introduced  cautiously  into  the  originat^cut.  "On  the  first 
attempt  at  withdrawal  the  particle  of  steel  was  found  ad- 
herent to  the  point  of  the  magnet.  All  tags  of  iris  were  cut 
away,  the  corneal  wound  closely  coaptated,  and  atropin 
solution  freely  used.  Following  this,  after  filling  the  ex- 
ternal part  of  the  eye  with  bichlorid  vaselin,  the  lids  were 
closed  with  a  compress  bandage.  Similar  treatment  was 
daily  continued  with  the  patient  in  bed.  In  two  weeks  the 
corneal  wound  was  entirely  healed,  the  anterior  chamber 
free  from  blood,  with  only  slight  signs  of  the  former  iritic 
pupil.  At  the  end  of  two  months  all  signs  of  irritation  had 
ceased  and  there  was  apparently  only  the  horizontal  white 
linear  cicatrix  in  the  cornea.  An  irregular  pupil  existed, 
filled  with  some  inflammatory  exudate  and  opaque  lens 
substance.  During  the  whole  treatment  he  was  taking 
large  doses  of  potassium  iodid  to  aid  the  absorption  of  the 
blood  which  had  filled  both  the  anterior  and  posterior  cham- 
ber. He  still  had  good  light  projection.  At  the  end  of  thrfie_ 
months  an  iridectomy  was  undertaken  in  the.  lower  inner 
quadrant  of  the  cornea,  which  showed  the  largest  area  of 
clear  tissue.  A  fairly  good  pupil  was  obtained.  The  cica- 
tricial tissue  and  lens  were  then  thoroughly  broken  up  and 
some  particles  removed  with  forceps  and  spoon.  Atropin 
solution  was  freely  used,  and  the  eye  bandaged  for  twenty- 
fom*  hours.  DiQnin  was  also  instilled  at  intervals.  This 
treatment  was  continued  for  two  months,  at  the  end  of 
which  time  he  could  see  the  moving  of  large  objects  close 
before  his  eye.  On  January  27th  of  this  year  the  patient 
had  a  good  pupil  at  the  inner  downward  quadrant.  There 
is  still  some  membranous  cataract  at  center  of  pupil.  V. 
with  correction  =  20/70.  He  is  now  employed  by  the  same 
company  and  able  to  perform  certain  manual  labor. 

This  case  is  of  interest  as  showing  what  may  be  accom- 
plished in  an  injured  eye  which  seemingly  has  been  totally 
destroyed.  Here  was  a  case  where  a  particle  of  steel  had 
cut  through  the  cornea,  passed  through  the  lens,  and  lodged 
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itself  in  the  posterior  chamber.  Nothing  short  of  a  phthisis 
biill)i  was  the  probable  prognosis.  The  result  justifies  us  in 
giving  every  injured  eye  a  fair  chance  before  resorting  to 
enucleation. 

Case  2. — F.  M.,  white,  aged  twenty-two  years.  Injured 
at  Atlanta  Steel  Works  on  night  of  September  26,  1913. 
Seen  at  the  hospital  early  the  next  morning.  Following 
history  given:  While  cutting  a  brass  rod  on  the  evening  he- 
fore  a  particle  flew  up  and  struck  the  left  eye.  Examination 
^owed  some  irritative  reaction.  There  was  a  small  cut  at 
the  edge  of  the  cornea  downward  and  outward.  The  pupil 
dilated  easily  under  atropin.  The  fundus  was  clear.  For 
some  time  no  foreign  body  could  be  discovered  until,  by 
means  of  the  ophthalmoscope  and  the  patient  looking  far 
down,  a  small  brass  particle  could  be  seen  between  the  iris 
and  cornea  at  Ihfi  inferior  periphery  of  the  anterior  chamber. 
When  the  patient  looked  directly  in  front  it  was  impossible 
to  see  the  particle.  The  eye  was  cocainized,  and  with  an 
angular  keratome  an  incision  was  made  into  the  anterior 
chamber  through  the  original  wound  extending  out  tem- 
porally. The  cornea  and  iris  immediately  came  in  contact, 
thus  obliterating  the  anterior  chamber.  With  a  pair  of 
very  delicate  straight  forceps  without  teeth  an  attempt  was 
made  to  grasp  the  foreign  body.  This  could  be  done,  but 
the  particle  of  brass  could  not  be  disintangled  from  the  iris, 
and  fear  was  expressed  that  too  much  traction  might  sepa- 
rate the  iris  from  the  pars  ciliaris.  It  then  occurred  to  the 
writer  to  grasp  the  pupillary  margin  of  the  iris  and  make 
strong  traction  upward  in  an  effort  to  see  if  the  particle  could 
not  be  brought  into  view.  The  very  first  attempt  succeeded, 
and  my  assistant  had  no  trouble  in  grasping  the  foreign  body 
and  extracting  it,  the  iris  dropping  back  to  its  normal  posi- 
tion without  injury  or  distortion  of  the  pupil.  Atropin  was 
instilled  and  a  compress  bandage  applied.  The  eye  healed 
without  disturbance,  and  the  final  vision  was  20/40,  there 
being  one  or  two  small  opacities  in  the  lens.  These  have  re- 
mained stationary. 

This  case  is  interesting  because  of  the  position  of  the  par- 
ticle of  brass.     The  ease  of  bringing  the  foreign  body  in  a 
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position  where  it  could  be  readily  removed  without  injury  to 
the  iris  certainly  offers  a  satisfactory  technic.  Two  years 
later  the  vision  remains  the  same. 

Case  3. — C.  A.  L.,  white,  male,  aged  thirteen  years.  Seen 
on  January  15,  1915.  On  December  17,  1914,  while  out 
hunting  with  another  boy,  was  accidentally  shot  in  the  left 
eye.  For  several  days  the  eye  was  red  and  inflamed.  Little 
pain.  This  gradually  disappeared.  Said  that  his  sight  was 
fairly  good  until  January  9th,  at  which  time  the  vision  failed 
entirely.  On  examination  there  were  no  external  signs  of 
inflammation.  No  point  of  rupture  could  be  seen,  no  pain 
or  photophobia,  iris  tremulous.  The  pupil  was  fully  dilated 
with  atropin,  but  no  red  reflex  obtained.  By  oblique  illumi- 
nation the  lens  could  be  seen  dislocated  down  to  the  tem- 
poral side.  The  posterior  chamber  was  filled  with  an  organ- 
ized blood-clot.  Vision-waving  of  the  hand.  No  foreign 
body  could  be  discovered.  The  iris  was  already  becoming 
discolored.  An  x-ray  showed  the  shot  situated  10  mm. 
below  the  horizontal  plane  of  the  cornea,  8  mm.  to  the  nasal 
side  of  the  vertical  plane,  and  14.5  mm.  back  of  the  center 
of  the  cornea.  It  seemed  probable  that  the  shot  was  just 
outside  of  the  eyeball,  on  the  nasal  side  of  the  orbital  cavity. 
Under  ether  the  conjunctiva  at  the  inner  canthus  was  sev- 
ered and  the  internal  rectus  cut.  On  rotating  the  ball 
strongly  out  the  shot  could  be  seen  firmly  embedded  in  the 
sclera.  The  eyeball  was  then  enucleated.  Examination 
showed  that  the  shot  had  passed  irifd'^the  tunics  of  the  ball. 
It  was  firmly  fixed  in  an  organized  exudate  and  could  not 
possibly  have  been  removed  except  by  cutting  through  the 
walls. 

My  records  show  ten  cases  of  injury  to  the  eyeball  from 
bird-shot,  but  this  was  the  only  case  where  the  shot  was  em- 
bedded in  the  baU  with  one  half  protruding  into  the  posterior 
chamber  and  one  half  showing  externally.  The  fact  that 
the  iris  showed  siderosis  was  sufficient  to  indicate  that  the 
shot  was  at  least  partially  inside  the  ball,  although  there  was 
a  possibility  that  mqre  than  one  shot  had  penetrated  the 
globe. 
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Since  writing  this  paper  another  case  of  accidental  in  jury- 
to  the  eye  from  bird-shot  has  come  under  my  observation: 

Mr.  H.,  white,  aged  forty-five  years,  while  out  hunting 
accidentally  received  in  his  face  the  contents  of  a  fire  from 
a  friend's  gun.  Fortunately  it  was  some  distance,  but  he 
received  a  good  peppering  on  the  right  side  of  his  face  and 
jaw,  and  one  shot  entered  the  left  eye  through  the  sclera, 
about  8  or  10  nmi.  from  the  nasal  edge  of  the  cornea.  He 
was  seen  two  hours  after  the  accident.  Considerable  hem- 
orrhage from  the  injured  eye.  No  vision,  and  the  posterior 
chamber  filled  with  blood.  He  was  sent  immediately  to  the 
hospital,  where  an  x-ray  showed  the  shot  to  be  a  few  milli- 
meters behind  the  eyeball,  lodged  in  the  orbital  fat.  He  was 
put  to  bed  and  ordered  atropin  and  cold  applications.  He 
never  suffered  any  pain.  The  case  seemed  to  promise  a 
satisfactory  termination  for  two.  weeks,  but  at  the  end  of 
that  time  the  pain  was  severe  and  the  eye  so  irritated  that 
it  was  enucleated.  The  shot  was  not  found  in  the  orbital 
cavity  or  the  interior  of  the  eye.  There  has  been  no  further 
trouble  with  the  orbital  cavity. 

The  question  of  the  foreign  body,  like  a  small  piece  of 
steel,  brass,  iron,  or  lead  shot,  remaining  quiescent  in  the 
orbital  cavity  without  producing  any  untoward  complica- 
tions is  one  open  to  argument;  that  is,  should  an  operation 
be  considered  for  its  removal,  or  even  the  enucleation  of  the 
eyeball  itself,  if  all  vision  has  been  permanently  destroyed, 
or  should  the  injured  eye  be  treated  by  "watchful  waiting" 
and  an  attempt  made  to  save  the  eyeball  itself?  Literature 
shows  that  a  number  of  cases  have  been  reported  where  such 
foreign  bodies  have  remained  indefinitely  quiescent  in  the 
orbital  fat  without  further  injury  to  the  eyeball  itself. 

Case  4. — F.  M.,  colored,  male,  aged  twenty-one  years. 
Right  eye  injured  at  Pratt  Engineering  and  Machine  Com- 
pany November  18,  1915,  while  hammering  a  steel  rivet. 
Was  seen  two  hours  later.  Examination  showed  a  clean  cut 
through  the  cornea  and  sclera  at  the  temporal  side,  7  mm.  in 
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length.  Considerable  blood  coming  from  the  cut;  anterior 
chamber  filled  with  blood  and  iris  protruding.  Eye  cocain- 
ized and  all  tags  of  iris  removed.  Both  the  giant  and  small 
electromagnet  used  without  response.  Atropin  freely  used; 
the  eye  filled  with  bichlorid  vaselin  and  a  compress  bandage 
applied.  An  x-ray,  taken  the  next  day,  showed  that  there 
had  been  a  douWe  perforation,  and  the  foreign  body  was 
situated  just  behind  the  ball,  in  the  orbital  cavity.  The  eye 
was  treated  with  atropin  solution  and  hot  applications. 
The  latter  were  used  because  there  was  very  marked  chemo- 
sis  of  the  conjunctiva  for  several  days,  but  no  infection. 
This  later  subsided  and  the  eye  gradually  healed.  The 
hemorrhage  in  the  posterior  chamber  has  prevented  any  re- 
turn of  vision,  as  the  anterior  chamber,  pupil,  and  lens  seem 
perfectly  clear.  The  foreign  body  still  remains  in  the  orbit. 
Time  alone  can  tell  what  will  be  the  outcome,  although  at 
present  he  is  perfectly  comfortable. 

Until  there  is  some  statistical  presentation  as  to  the  final 
outcome  of  those  cases  where  a  foreign  body  is  left  in  the 
orbit  we  cannot  determine  which  is  the  best  procedure  to 
be  adopted.  Experience  leads  me  to  the  conclusion  that 
profuse  hemorrhages  within  the  eyeball  from  traumatism, 
whether  accompanied  by  perforation  or  not,  render  the  prog- 
nosis exceedingly  grave.  The  writer  has  only  recently  had 
ito  enucleate  an  eye  three  weeks  after  it  had  been  violently 
struck  by  the  lash  from  a  buggy  whip,  and  where  the  pos- 
terior chamber  was  filled  with  blood  immediately  after  the 
accident,  and  where  such  an  iridocyclitis  arose  that  an  opera- 
tion was  urgently  demanded. 

Case  5. — This  proved  to  be  a  most  interesting  case.  Miss 
L.  H.,  aged  eighteen  years,  Dublin,  Ga.,  was  accidentally 
shot  in  the  right  eye  by  an  air-gun  on  January  1,  1915.  At 
the  time  it  was  thought  that  the  shot  only  struck  the  eye  a 
severe  blow,  producing  a  contusion  without  perforation. 
Was  seen  by  the  writer  two  days  later.  On  examination  no 
abrasion  of  the  cornea  was  found,  but  a  little  edema  and 
apparently  a  cut  of  the  conjunctiva  at  the  inner  canthus 
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over  the  sclera  were  seen.  Vision  =  fingers  at  15  feet.  No 
l)ain,  and  pupil  widely  dilated  under  atropin.  The  ophthal- 
moscope showed  some  haziness  of  the  vitreous  and  two  or 
three  hemorrhages  in  the  downward  and  inner  quadrant  of 
the  retina.  There  was  a  rent  in  the  conjunctiva  at  the  point 
of  edema  where  the  local  physician  had  probed  beneath  this 
meml)rane.  On  probmg  again  no  signs  of  a  foreign  body 
could  be  discovered  An  a*-ray  was  immediately  taken, 
w'hich  showed  the  foreign  body  outside  of  the  eyeball,  on  the 
nasal  side  of  the  orbit,  near  the  posterior  pole. 

^nder  cocain  anesthesia  the  internal  rectus  was  cut  and 
the  conjunctiva  dissected  from  the  eyeball.  By  rotating 
the  ball  outward,  and  with  a  pair  of  curved  iridectomy  for- 
ceps, the  shot  was  readily  grasped  and  removed  without 
difficulty.  The  parts  were  cleaned,  the  muscle  and  con- 
junctiva sutured,  the  conjunctival  sac  filled  with  bichlorid 
vaselin,  and  a  bandage  applied.  Two  days  later  the  patient 
returned  home  showing  at  the  time  very  little  irritation  in 
the  eye.  She  made  a  good  recovery,  and  on  May  21st,  five 
months  later,  there  was  no  sign  of  a  scar,  the  muscle  balance 
was  apparently  normal,  and  vision  was  20/40.  The  oph- 
thalmoscope showed  a  perfectly  clear  fundus,  but  the  old 
spots  of  hemorrhage  had  undergone  pigmentation  and 
atrophy,  leaving  scars  on  the  retina.  Fortunately,  the 
macuFa  was  not  involved. 

This  case  will  show  the  value  of  the  x-ray,  as  the  nat- 
ural conclusion  would  have  been  that  there  were  contusion 
and  laceration  from  the  blow  without  the  presence  of  the 
shot,  since  the  probing  had  not  revealed  the  latter.  The 
case  is  also  unique  in  that  the  shot — a  large  one — perforated 
the  conjunctiva  and  was  deflected  by  the  sclera  to  the  inner 
side  and  passed  around  the  ej'eball  between  these  two  mem- 
branes. 

The  management  of  foreign  bodies  within  the  eyeball  and 
within  the  orbital  cavity  requires  good  judgment,  supple- 
mented with  considerable  clinical  experience.  The  writer 
agrees  thoroughly  with  Dr.  Stieren,  of  Pittsburgh,  who,  in 
1913,  thus  expressed  himself  in  a  paper  upon  this  same  sub- 
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ject:  "Searching  for  a  foreign  body  in  the  tissues  of  the 
orbit,  even  though  it  has  been  accurately  localized,  is  a  more 
or  less  difficult  procedure.  When  one  considers  the  damage 
that  can  be  done  by  surgical  interference  to  muscles,  nerves, 
and  blood-vessels  in  the  deeper  parts  of  the  orbit,  a  con- 
servative course  is  the  better  one,  the  foreign  body  being 
allowed  to  remain  unless  there  is  urgent  demand  for  its  re- 
moval." 

DISCUSSION. 

Dr.  T.  Y.  Sutphen,  Newark,  N.  J.:  In  the  removal  of 
pieces  of  iron  or  steel  from  the  deeper  parts  of  the  eye  with 
the  magnet  we  ought  to  endeavor,  in  their  extraction,  to 
follow  the  original  channel  of  entrance,  and  often  with  a 
little  dexterity  we  can  avoid  enlarging  the  wound  of  entrance 
or  introducing  the  point  of  the  magnet  into  the  eyeball — a 
thing  greatly  to  be  desired.  Quite  recently,  in  my  experi- 
ence, a  fairly  large  piece  of  steel  came  forward  from  the 
vitreous,  through  the  wound  in  the  iris  and  Jens,  but  rested 
upon  the  under  surface  of  the  cornea  away  from  the  corneal 
wound.  By  manipulation  of  the  magnet  outside  the  eye 
the  bit  of  steel  was  led  toward  the  point  of  entrance  and 
readily  escaped.  In  another  case  that -came  under  my  ob- 
servation lately,  besides  the  bit  of  iron,  which  was  distinctly 
seen  floating  about  in  the  vitreous,  another  object  was  dis- 
covered— a  tiny  symmetric  circle  of  light,  which  also  bobbed 
about  in  the  vitreous.  It  was  a  globule  of  air,  which  dis- 
appeared when  the  iron  was  removed.  In  many  years  of 
clinical  work  I  can  recall  but  one  other  such  case.  Although 
occasionally  recorded  as  having  been  seen,  I  doubt  their 
frequency. 

Dr.  Allen  Greenw^ood,  Boston,  Mass.:  It  may  interest 
the  members  to  know  a  little  about  the  vast  amount  of  work 
of  this  sort  that  is  being  accomplished  in  France  today,  and, 
I  suppose,  in  all  the  war  zone.  About  10  per  cent,  of  the 
men  who  come  to  the  base  hospitals  have  some  eye  compli- 
cations, and  the  majority  are  either  shell  wounds  of  the 
orbit  or  of  the  eye  itself.  The  question  of  leaving  a  piece  of 
shrapnel  in  the  orbit  is  complicated  in  war  work,  owing  to 
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the  almost  certainty  of  infection.  I  saw,  last  summer,  five 
cases  of  BacilTus  aerop;enes  capsulatus  infection  of  the  orbit, 
with  one  death,  which  is  something  that  prol)al)ly  few  of  the 
men  here  see  in  civil  life,  and  if  they  do  see  it,  it  will  startle 
them  as  it  did  me.  I  saw  Colonel  Lister,  at  Boulogne,  do 
his  routine  work  with  the  giant  magnet,  when,  one  after- 
noon, he  removed  a  number  of  pieces  of  shell  with  the  Haab 
magnet.  There  is  an  immense  amount  of  work  for  the  giant 
magnet,  the  hand  magnet,  and  work  for  the  .T-ray  expert  in 
localizing  foreign  bodies  in  the  eye  and  in  the  orbit.  One 
has  to  go  after  practically  every  piece  of  shell  in  either 
the  eye  or  the  orbit,  and,  sad  to  relate,  in  about  orie  case 
out  of  every  four  the  substance  is  not  magnetic,  being  alumi- 
num, brass,  or  some  alloy  not  subject  to  the  action  of  the 
magnet. 

Dr.  Peter  A.  Callan,  New  York:    What  is  the  pref- 
erence— through  the  scleral  wound  or  the  anterior  chamber? 


Dr.  Greenwood:  Colonel  Lister  is  removing 
particles  from  the  vitreous  by  drawing  them  forward  into 
the  anterior  chamber  and  then  into  the  lower  part  of  the 
chamber,  later  making  an  incision  with  a  keratome  above  and 
passing  the  ti]:)  of  the  hand  magnet  in  to  draw  the  foreign 
body  out.  That  is  the  custom  at  the  special  hospital  in 
Boulogne.  Personallj^,  I  used  the  hand  magnet  wholly 
because,  in  Hospital  No.  22,  we  do  not  have  a  giant  magnet. 
I  had  a  hand  magnet,  and  with  it  removed  a  number  of 
pieces  from  the  vitreous  after  their  .T-ray  localization.  There 
will  be  need  of  men  in  our  army  hospitals  who  are  experts 
in  the  localization  of  foreign  bodies  with  the  x-ray,  and  un- 
doubted need  of  men  who  are  expert  with  the  giant  magnet 
and  the  hand  magnet. 

Dr.  Da\'id  Harrower,  Worcester,  Mass.:  I  think  that 
it  is  a  good  thing  to  thrash  out  once  more  the  interesting 
subject  of  foreign  bodies  in  the  eye.  In  Worcester,  we  have 
large  machine  shops,  wire  works,  etc.,  and  see  a  great  many 
cases  of  foreign  bodies  in  the  eye.  The  siimll  magnet  has, 
I  think,  proved  much  .more  efficient  than  tlie  large  in  most 
of  my  cases.  When  the  foreign  body  is  deep  in  the  vitreous, 
instead  of  trying  to  draw  it  with  the  large  magnet,  I  make  the 
5 
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opening  in  the  sclera,  as  near  the  foreign  body  as  possible, 
always  in  the  anteroposterior  direction,  and,  taking  the  flat 
point  of  the  magnet,  I  insert  it  into  the  wound,  and  as  near 
the  foreign  body  as  possible.  Getting  the  point  in  in  that 
way  the  foreign  body  catches  on  the  point.  When  I  bring 
the  magnet  to  the  ivaund,  I  turn  it  at  right  angles,  and  find 
it  easier  to  get  the  foreign  body  out  in  that  way. 

Dr.  E.  C.  Ellett,  Memphis,  Tenn. :  Those  of  us  who  have 
not  Dr.  Sweet  at  our  elbow  should  bear  in  mind  the  difficulty 
that  the  average  x-ray  operator  has  in  making  an  accurate 
localization  of  foreign  bodies.  The  radiographers  will  turn 
in  a  chart  with  the  foreign  body  beautifully  marked  out  where 
itjsn't.  I  had  that  forcibly  brought  to  my  atl^ntion  by  a 
case  in  which  a  small  boy  had  been  shot  with  an  air-gun 
with  a  large  bullet.  I  did  not  think  that  there  was  a  foreign 
body  in  the  eye.  The  pupil  reacted,  the  anterior  chamber 
was  apparently  normal  in  depth,  and  the  vision  was  good, 
which  did  not  indicate  that  there  was  a  foreign  body  in  the 
eye.  In  order  to  be  sure,  however,  I  had  an  .r-ray  examina- 
tion made,  and  was  given  a  chart  showing  the  foreign  body 
in  the  eyeball.  There  were  contusion  and  swelling.  The 
accident  had  occurred  twenty-four  hours  before  I  saw  the 
child.  I  thought  I  would  look  again  for  the  wound  of  en- 
trance. Forcibly  depressing  the  lower  lid,  the  shot  rolled 
out  from  between  the  lower  lid  and  ba,ll.  The  x-ray  had  in- 
dicated something  very  serious,  but  it  was  very  simple. 

Dr.  F.  M.  Wilson,  Bridgeport,  Conn.:  I  would  like  to 
speak  of  a  point  in  technic.  Most  of  the  speakers  seem  to 
favor  the  small  magnet,  but  I  much  prefer  the  large  one, 
and  even  when  the  foreign  body  is  in  the  anterior  chamber, 
I  think  that  it  is  a  much  better  surgical  procedure  to  use  the 
large  magnet  and  control  the  foreign  body,  bring  it  to  the 
wound,  and  get  it  out,  than  to  introduce  the  tip  of  the  small 
magnet. 

Dr.  W.  H.  Wilder,  Chicago,  111. :  The  question  of  technic, 
of  course,  is  very  important  in  the  extraction  of  foreign 
bodies,  and  I  should  like  to  mention  a  procedure  I  followed 
in  a  case  not  long  ago.  A  3'oung  man  employed  in  one  of  the 
large  manufacturing  concerns  in  Chicago,  while  working  at 
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some  kind  of  a  machine,  thouj^ht  he  g()t  somethhifj;  in  his 
eye.  The  company  doctor  examlTieJ  it,  hut  found  no  forci{z;n 
body  nor  any  sign  of  injury.  No  .r-ray  examination  was 
made,  and  in  a  short  time  the  irritation  subsided.  Some  days 
later  the  eye  began  to  trouble  him  and  the  vision  began  to 
fail.  He  was  sent  to  me  about  ei»Jit  days  after  the  injury, 
and  1  was  unable  to  see  the  details  of  the  fundus  clearly. 
1  could  see  no  sign  of  a  wound  of  the  eyeball,  but  he  was  sent 
to  the  hospital,  where  an  a:-ray  examination  showed  a  small 
body  apparently  outside  the  sclera  and  very  far  back.  In 
a  day  or  two  the  vitreous  cleared  sufhciently  so  that,  with 
the  ophthalmoscope,  I  was  able  to  make  out  an  object  that 
looked  metallic,  about  four  disc  diameters  above  and  to  the 
temporal  side  of  the  optic  disc.  Another  localizing  skiagram 
confirmed  my  suspicion  of  a  foreign  body. 

I  thought  it  best  to  try  removal  through  the  sclera,  and 
after  thoroughly  cocainizing  the  eye  I  passed  a  heavy  suture 
around  the  tendon  of  the  supei'ior  rectus  at  its  insertion,  by 
means  of  which  I  could  draw  the  eye  well  downward.  The 
localization  seemed  to  show  the  body  to  be  at  a  ]ioint  under 
the  superior  rectus,  so  that,  after  exposing  the  muscle,  the 
assistant  drew.it  to  one  side  with  a  hook  so  that  the  incision 
could  be  made  in  the  sclera  at  the  proper  place.  This  inci- 
sion was  a  small  linear  one,  paxaljel  to  the  course  of  the 
muscle,  and  it  was  converted  into  a  little  diamond-sha])(Ml. 
almost  square  opening  by  means  of  a  tiny  speculum  of  non- 
magnetic material,  the  blades  of  \vhich  terminate  in  small 
xbooks  slightly  bent,  but  sufficient  to  hold  it  in  place.  This 
little  instrument  I  have  found  very  useful  in  spreading 
the  scleral  w^umd  and  preventing  the  forcngn  body  horn 
being  wiped  of^'  the  end  of  the  magnet  tip  if  it  is  introduced 
slightly  into  the  opening.  It  takes  the  place  of  assistants' 
hands,  which  are  much  in  the  way  in  such  a  small  Held  of 
operation. 

In  this  case  I  was  fortunately  able  to  remove  the  body, 
about  13^2  nim.  in  width  and  length,  and  wdth  little  damage 
to  the  eye.  The  eye  healed  kindlv.  the  vitreous  cleared,  and 
the  \ision  returned  to  nearly  20/30,  which  has  been  retained 
up  to  the  present  time.  "" 

Dr.  J.  W.  CriARLES,  St.  Louis,  Mo. :  In  Dr.  Green's  old 
instrument-case  there  was  a  little  instrument  called  the 


68      Roy:  Rejnoval  of  Foreign  Bodies  from  the  Eyeball. 

Critchett  (?)  slipper,  if  I  remember  correctly,  which  was 
used  in  extracting  cortex  in  cataract  operations — in  effect,  a 
cone  on  the  end  of  a  staff.  I  recall  that  Dr.  Post,  in  1891, 
told  me  of  a  case  in  which  he  had  used  this  instrument  for 
the  removal  of  a  non-magnetic  fragment  from  the  vitreous. 
He  had  seen  the  case  immediately  after  the  accident,  had  used 
the  ophthalmoscope,  and  operated  through  a  scleral  open- 
ing pushing  the  cone  beyond  the  sliver.  Upon  withdrawal 
the  foreign  body  was  engaged  in  the  cone  and  delivered. 
I  think  that  this  would  be  a  good  plan  in  fresh  cases  when  our 
attempts  have  been  unsuccessful  with  the  magnet  or  for- 
ceps. 

Dr.  G.  E.  de  Schweinitz,  Philadelphia:  The  following 
record  of  an  experience  of  mine  in  recovering  a  foreign  body 
from  the  anterior  chamber  would  seem  to  be  worthy  of  de- 
scription. A  man  was  brought  to  my  clinic — a  mason, 
working  in  granite.  A  fragment  of  the  stone  had  penetrated 
the  corneoscleral  junction.  It  was  perfectly  visible  to  in- 
spection, entangled  in  the  iris.  An  attempt  to  remove  it 
with  forceps  failed.  I  then  made  a  small  iridectomy  in  the 
hope  that  the  partigle  would  cling  to  the  iris.  The  iris  came 
away,  but  the  fragment  of  stone  remained,  resting  on  the 
capsule  of  the  lens.  To  remove  it  without  injuring  the  lens 
in  its  capsule  I  took  a  piece  of  platinum  wire  and  made  a 
loop  in  it.  After  injecting  some  physiologic  salt  solution 
into  the  anterior  chamber  I  slipped  this  wire  loop  into  the 
chamber  and  succeeded,  with  a  little  manipulation,  in  cpax- 
jjig  the  fragment  into  the  hollow  of  the  loop  and  withdraw- 
ing it  from  the  chamber.  The  lens  was  not  injured,  and  the 
man  made  a  perfect  visual  recovery. 

Dr.  R.  G.  Reese,  New  York:  About  a  year  ago  I  had  a 
case  in  which  there  was  a  piece. of  capper  in  the  vitreous. 
The  foreign  bod}^  entered  the  upper,  inner  portion  of  the 
cqrnea  near  the  limbus,  and  the  lens  was  opaque  only  at  its 
entrance.  The  piece  measured  1.5  by  1  mm.,  and  could  be 
seen  by  focal  illumination  floating  in  the  vitreous.  The 
lens  was  removed,  and  three  weeks  later  the  patient  was 
placed  on  the  operating  table  face  downward,  and  the  cojjper 
was  pushed  into  the  anterior  chamber  with  a  Knapp's  knife- 
needle  entered   at   the   corneoscleral   margin.     The   metal 
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was  then  removed  with  forceps  through  a  Hmbus  incision 
upward.  V.  with  sph.  + IT  &=  20/30.  There~was  a  small 
pi(H'e  of  copper  in  the  iris  of  the  fellow-eye,  but  removal  was 
refusetl  liecause  the  vision  in  the  operated  eye  was  not  satis- 
factory to  the  patient. 

I  prefer  the  giant  magnet  for  bringing  small  foreign  bodies 
through  tlie  suspensory  ligament  into  the  anterior  chamber, 
as  I  have  never  j)een  able  to  accomi)lish  this  with  the  smaller 
magnets.  If  foreign  bodies  are  large  ami  have  to  l)e  re- 
mo\'ed  through  the  sclera,  I  make  a  triangular  opening  in  the 
conjunctiva  and  a  smaller  triangular  opening  in  the  sclera, 
having" the  base  of  the  conjunctival  triangle  over  the  apex 
of  the  scleral  triangle.  In  making  the  scleral  triangle  I 
conunence  the  incision  at  the  base  and  cut  up  to  the  apex, 
slanting  the  knife  at  an  angle  of  45  degrees,  so  that  the  stdes 
of  the  triangle  will  have  a  slanting  surface,  and  when  the 
triangular  piece  of  sclera  is  pressed  through  the  scleral  open- 
ing, it  remains  in  perfect  apposition  and  is  held  so  by  sutur- 
ing the  triangular  conjunctival  flap  over  it. 

Dr.  William  H.  Wilmer,  Washington,  D.  C:  This 
paper,  with  the  discussion  of  it,  has  brought  out  some  in- 
teresting phases.  I  think  that  we  will  all  agree  upon  the 
procedure  in  acute  cases  as  seen  in  military  and  hospital 
work,  but  we  are  sometimes  confronted  by  a  case  of  long 
stantling.  I  have  recently  seen  a  patient  with  a  foreign 
body  in  the  globe  for  a  period  of  nearly  two  years.  There 
is  useful  vision,  the  eye  is  quiet,  and  the  particle  non-mag- 
netic. The  patient  asks  for  a  guarantee  that  the  removal 
of  the  foreign  body  would  not  injure  the  eye.  One  feels 
that  it  is  dangerous  to  leave  tlie  particle  in  the  eye,  yet  it  is 
not  possibly  to  give  the  required  promise.  These  cases  are 
puzzling.  In  the  recent  ones  the  indications  are  positive, 
but  the  route  of  the  extraction  must  be  determined  by  the 
individual  case.  A  case  that  I  saw  a  few  days  ago  will 
illustrate  this  point.  This  patient  has  vision  of  30/  70. 
There  are  a  few  dots  in  the  lens,  and  the  x-ray  shows  a  par- 
ticle embedded  against  the  sclera,  at  the  bottom  of  the  globe, 
3.5  mm.  to  the  nasal  side  of  the  vertical  plane.  The  choroid 
is  atrophied,  and  there  is  a  slight  retinitis  proliferans,  and 
at  4bis  point  the  foreign  body  can  be  seen.     It  is  about  3.25 
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by  2  nun.,  irregular  in  shape,  and  is  a  piece  of  the  sheath  of  a 
Springfield  rifle  bullet,  which,  as  we  know,  is  made  of  a 
copper  and  nickel  alloy. 

The  patient  said,  "Do  you  think  the  particle  ought  to  be 
taken  out,  and  can  you  guarantee  to  remove  it  without  in- 
juring the  eye?"  My  answer  was:  "I  think  that  it  is  very 
likely  that  removing  the  metal  may  make  the  eye  worse. 
You  must  think  it  over  and  I  will  do  what  you  wish.  But  if 
it  were  in  my  own  eye,  I  should  feel  safer  to  have  it  out." 
It  is  a  serious  question.  As  the  eye  is  perfectly  quiet,  with 
the  vitreous  now  clear,  the  lens  not  increasing  in  opacity, 
and  the  foreign  body  incased  in  fibrous  tissue,  it  is  hard  to 
decide  what  to  do.  This  is  an  interesting  type  of  cases  that 
we  may  meet  in  private  practice,  in  contradistinction  to 
cases  met  with  in  institutional  and  military  work. 

Dr.  John  E.  Weeks,  New  York:  There  is  one  principle 
with  regard  to  the  magnet  chosen  for  use  that  is  important 
to  bear  in  mind,  and  that  is  that  we  should  use  the  niagnet 
that  will  produce  Jhe  least  traumatism.  If,  in  using  the 
small  magnet,  it  is  necessary  to  enter  the  vitreous  with  the 
tip  of  the  magnet,  we  produce  an  amount  of  trauma  that  we 
might  avoid  by  using  the  giant  magnet  and  putting  the  point 
of  the  magnet  to  the  margins  of  the  opening  only.  I  prefer 
the  giant  magnet  in  many  cases  bec_ause  it  is  unnecessary  to 
enter  the  vitreous.  The  opening  is  made  in  the  sclera,  in  a 
sui^table  position.  (My  plan  is  to  make  a  shallow,  T-shaped 
opening.)  Then  the  point  of  the  magnet  is  brought  to  the 
sclera.  If  the  foreign  body  engages,  the  scleral  flaps  sepa- 
rate, and  the  foreign  body  comes  out  without  trouble. 
Closing  the  tissues  over  it  causes  the  wound  to  close  without 
the  loss  of  vitreous.  In  all  the  cases  in  which  the  foreign 
body  is  small  and  smooth  I  attempt  to  draw  it  into  the  an- 
terior chamber;  but  when  it  is  jagged,  or  when  it  is  large,  I 
prefer  to  make  an  opening  in  the  sclera. 

Localization,  if  made  properly, — and  by  properly  I  mean 
by  using  methods  that  will  avoid  the  plotting  of  the  foreign 
body  in  the  globe  when  it  is  actually  outside, — is,  of  course,  a 
great  aid.  Dr.  G.  S.  Dixon  will  not  plot  the  position  of  the 
foreign  body  while  the  jplates  jarewet  if  there  is  any  question 
of  its  location,  as  the  shrinking  of  the  film  is  enough  to  make 
an  error  in  regard  to  the  site  of  the  foreign  body. 
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Dr.  W.  E.  Lambert,  New  York:  I  think  that  one  of  the 
most  important  things  with  regard  to  this  subject  is  the 
(lu(\stion  as  to  whjch^s,  the  better  method  to  adopt  in  ex- 
tracting tiu^so  foreign  Ixxlios,  whether  through  the  anterior 
or  througli  the.  posterior  route.  Dr.  Weeks  is  tlie  only  one 
who  has  expressed  a  decided  opinion.  I  thoroughly  agree 
with  him  that  when  the  body  is  small  and  can  be  drawn  for- 
wai'd  into  the  anterior  chamber,  it  is  preferable  to  extract  it 
through  the  anterior  route.  If -the  bodies  are  large  and 
jagged,  however,  I  think  that  it  is  best  to  extract  them  pos- 
teriorly, through  the  vitreous,  making  the  incision  with  a 
triangular  flap  in  the  conjunctiva,  and  another  triangular 
flap  in  the  sclera,  reversing  the  base.  As  an  evidence  of  the 
great  accuracy  of  Dr.  Dixon  in  locating  a  body,  I  will  say 
that  I  had  a  case  in  a  boy  who  was  hit  in  the  eye  with  a 
piece  of  a  copper  percussion  cap.  Dr.  Dixon  located  it, 
and  stood  with  me  in  the  operating  room.  As  I  made  the 
flap  in  the  sclera  and  turned  it  over,  there  was  the  foreign 
body  on  the  inner  surface  of  the  flap. 

Dk.  William  M.  Sweet,  Philadelphia:  Foreign  bodies 
that  pass  through  the  eyeball  and  lodge  in  the  orbit  often 
cause  extensive  retinal  hemorrhages,  the  result  probably 
of  the  concussion  of  the  metal  as  it  perforates  the  posterior 
coats  of  the  globe.  In  two  cases  recently  seen  of  injury  from 
small  pieces  of  steel,  a  clear  view  could  be  secured  through 
the  uninjured  lens,  and  an  ophthalmoscopic  diagnosis  of 
double  perforation. was  confirmed  by  later  .r-ray  localization. 
In  regard  to  the  relative  merits  of  the  small  and  large  mag- 
nets most  of  the  operators  in  Pliiladelphia  believe  that  the 
small  magnet  is  safer  and  equal  in  efficiency  to  the  large 
magnet  in  all  recent  injuries.  While  I  have  used  the  hand 
magnet  in  drawing  a  small  foreign  body  into  the  anterior 
chamber,  I  believe  a  small  linear  incision  of  the  sclera,  parallel 
to  the  large  vessels  and  close  to  the  indicated  situation  of  the 
steel,  to  be  the  more  satisfactory  procedure.  Before  the 
sclera  is  opened  a  conjunctival  flap  is  made,  and  the  edges  of 
the  cut  held  apart  by  sutures,  which  are  superior  to  any 
form  of  non-magnetic  forceps.  The  magnet  tip  is  placed  at 
the  lips  of  the  scleral  incision  and  not  entered  into  the  vitre- 
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ous.  A  single  linear  incision  of  the  sclera  must  result  in 
less  inflanimatory^exudate  and  therefore  less  shrinkage  of 
the  retina  and  choroid,  and  less  risk  of  retinal  detachment, 
than  if  a  second  cut  is  made  at  right  angles  to  the  first.  A 
piece  of  steel  in  the  iris  or  in  the  lens  may  often  be  brought 
loose  into  the  anterior  chamber  by  manipulation  with  the 
magnet  before  the  aqueous  is  allowed  to  escape,  and  then 
drawn  to  the  upper  angle  of  the  chamber  for  extraction. 

Dr.  William  Zentmayer,  Philadelphia:  I  think  that  Dr. 
Sweet's  interesting  observation  can  be  confirmed  by  the  re- 
cital of  a  case  that  I  have  seen  within  the  last  month  at  Wills 
Hospital,  in  which,  b}^  Dr.  Sweet's  method,  the  foreign  body 
had  been  localized  at  the  junction  of  the  optic  nerve  with  the 
sclera,  outside  the  eyeball.  The  case  was  of  some  days' 
standing.  There  were  profuse  hemorrhages  throughout  the 
retina.  The  hemorrhages  were  so  scattered  that  it  was  im- 
possible to  say  which  one  showed  the  position  of  the  exit  of 
the  foreign  body.  In  my  experience  the  observation,  re- 
ported some  years  ago,  that  in  double  perforations  we  have 
subconjunctival  hemorrhage  as  a  constant  feature,  is  not 
borne  out. 

It  is  not  my  practice  routinely  to  use  the  small  magnet. 
When  the  case  is  recent  and  the  foreigiibody  is  small,  I  prefer 
to  use  the  giant  magnet,  bringing  the  foreign  body  into  the 
anterior  chamber.  I  approach  the  patient  to  the  magnet, 
rather  than  the  magnet  to  the  patient. 

Dr.  Samuel  D.  Risley,  Philadelphia:  I  think  that  it  is 
well  to  emphasize  the  point  that  Dr.  Sweet  has  just  made 
that  he  prefers  to  use  the  small  rather  than  the  large  magnet. 
Only  yesterday  I  asked~lTnt  senior  resident  at  the  Wills 
Hospital  how  often,  during  his  term  of  eighteen  months,  the 
giant  magnet  had  been  used.  He  said  that  he  did  not  think 
it  had  been  used  rnore  than  four  times  during  his  term  of 
service,  which  expires  July  1st,  by  the  staff  at  the  Wills 
.Hospital.  I,  some  years  ago,  presented  to  this  Society  some 
of  the  objections  to  the  use  of  the  large  magnet,  particularly 
when  the  foreign  body  is  not  an  extremely  small  one,  and 
illustrated  my  contention  by  the  case  then  reported,  in 
which  the  foreign  body  weighed  21/0  grains.  I  approached 
the  man's  face  to  the  magnet.     When  he  got  within  ten 
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inches  of  the  nmgnet  he  screamed  with  pain.  The  foreign 
body  flew  out  hke  a  32-caHl)er  bullet,  and  landed  on  the  tip 
of  the  magnet,  with  the  iris  surrounding  it.  If  the  foreign 
bodies  are  situated  in  the  choroid  oi-  retina,  and  have  been 
present  long  enough  to  excite  infkunniatory  changes,  the 
endeavor  to  bring  the  body  forward  into  the  anterior  cham- 
ber with  the  large  magnet  is^  very  much  more  likely  to  pro- 
duce detachment  of  the  retina  than  if  a  scleral  puncture  had 
T)een  made,  as  described  by  Dr.  Sweet,  and  the  foreign  .body 
taken  out  through  the  scleral  puncture. 

I  should  like  also  to  insist  on  the  wisdom  of  a  linear  meridi- 
onal incision  in  the  sclera,  rather  than  any  other  form  of 
incision.  We  do  not  then  cut  across  the  vessels  of  the  retina 
or  choroid,  and  are  more  likely  to  avoid  profuse  hemorrhage. 
I  have  never  had  any  trouble  about  the  separation  of  the 
lips  of  this  wound.  I  think  that  it  is  bad  surgery  to  intro- 
duce the  tip,  no  matter  how  small,  ofaiiy  magnet  into  the 
vitreous.  It  lessens  the  power  of  a  small  magnet  to  have  a 
ioRg  tip.  My  own  practice  is  to  take  the  little  conical  tip 
of  the  small  magnet  and  place  it  at  the  puncture  in  the 
sclera,  and  then  wait_patiently  for  the  foreign  body  to  come, 
which,  in  most  instances,  it  does  without  further  trouble. 

Dr.  Peter  A.  Callan,  New  York:  Many  years  ago  I 
was  much  impressed  by  Dr.  Weber,  of  Darmstadt,  who 
used  his  concavoconvex-shaped  lance  knife  for  the  extrac- 
tion of  cataracts  with  success ;  in  other  words,  the  personal 
equation.  With  reference  to  the  saving  of  eyes  when  there 
is  a  foreign  body  weighing  more  than  half  a  grain,  I  do  not 
think  that  you  ever  can  produce  satisfactory  results.  My 
preference  has  been,  if  we  use  the  large  magnet,  to  bring  a 
suitable  foreign  body  into,  the  anterior  chamber,  and  not 
make  the  incision  into  the  anterior  chamber  until  the  for- 
eign body  was  located  under  the  point  at  which  the  in- 
cision was  to  be  made;  then  tamake-the  incision  directly 
over  the  foreign  body  and  extract  it.  By  depressing  the 
posterior  lip  of  the  wound  the  foreign  body  comes  out  with- 
out the  insertion  of  the  small  magnet.  I  should  advise  each 
one  to  stick  to  his  own  method  if  he  has  found  one  that  is 
suitable  to  himself,  and  not,  because  some  one  else  tells  of 
one  that  he  has  "found  better  for  him,  adopt  that.  Use  the 
method  you  know. 


THE  TREATMENT  OF  DETACHMENT  OF  THE 
RETINA,  WITH  SPECIAL  REFERENCE  TO  MUL- 
LER'S  RESECTION  OF  THE  SCLERA. 

ERVIN    TOROK,    M.D., 
New  York. 

The  treatment  of  detachment  of  the  retina,  with  our  pres- 
ent procedures,  is  very  unsatisfactory.  If  we  take  into  con- 
sideration the  fact  that  there  are  cases  of  detachment  re- 
corded where  the  reattachment  took  place  spontaneously, 
our  present  methods  of  treatment  seem  to  be  still  of  less 
value,  since  there  is  none  now  known  which  gives  better 
results.  With  each  of  the  various  procedures  recommended, 
be  they  medicinal  or  operative,  it  is  onlj^  occasionally  that 
we  find  a  good  result  recorded,  most  of  the  cases  being  fail- 
ures. 

The  treatment  is  mostly  symptomatic,  because  the  etiol- 
ogy of  detachment  is  still  unknown.  There  are  various 
theories  as  to  the  cause,  but  none  of  them  is  universally  ac- 
cepted, indicating  that  each  one  has  its  fallacy.  I  believe  it 
is  unnecessary  to  enumerate  them  all  here,  because  they  are 
mostly  in  oblivion  and  only  of  historic  value. 

The  theories  that  have  stood  the  test  of  time  are  Leber's 
theory,  which  explains  the  detachment  from  a  diseased  and 
shrinking  vitreous,  and  the  so-called  "exudation  and  transu- 
dation theory"  of  Schweigger,  Horstman,  and  Schmidt- 
Rimpler,  which  explains  it  by  a  choroidal  exudate  or  transu- 
date which  pushes  the  retina  away  from  the  choroid.  There 
is  no  doubt  that  both  are  acceptable  to  certain  cases,  and 
that  in  some  the  detachment  is  due  to  the  shrunken  vitreous 
and  in  others  to  something  that  pushes  the  retina  away  from 
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the  choroid.  In  other  words,  there  is  no  doubt  that  the 
cause  of  the  detachment  is  not  the  same  in  every  case,  but 
in  various  instances  there  are  different  underlying  causes. 
Thomson,^  in  reviewing  the  Uterature  on  this  subject,  finds 
the  following  mentioned: 

Myopia,  frontal  sinusitis,  erysipelas,  diseases  of  the  uveal 
tract,  heart  disease,  nephritis,  albuminuria  in  pregnancy, 
diabetes,  lues,  rheumatism,  gout,  exanthemata,  malaria, 
turberculosis,  relapsing  fever,  pernicious  anemia,  trauma, 
lightning,  sympathetic  origin.  Whatever  the  cause  of  de- 
tachment in  a  given  case  may  be,  I  believe,  with  Blaskovics, 
that,  from  a  practical  standpoint,  we  can  classify  them  in 
two  main  groups:  one  where  there  is  a  disproportion  between 
the  contents  of  the  eyeball  and  its  coats,  and  another  where 
this  disproportion  does  not  exist.  In  the  former  group  be- 
long those  where  the  cause  lies  in  the  shrinking  of  the  vit- 
reous, as  detachment  following  an  iridoc^^clitis,  iridochoroidi- 
tis,  or  intraocular  hemorrhage  and  resulting  proliferating 
retinitis,  etc.,  and  also  those  cases  where  the  extension  of 
the  sclera,  with  or  without  shrinking  of  the  vitreous,  is  the 
underlying  cause,  as  in  high  myopia.  In  the  latter  group, 
where  there  is  no  disproportion  between  contents  and  coats 
of  the  globe,  belong  those  cases  where  the  detachment  is  due 
to  a  choroidal  exudate,  hemorrhage,  tubercle,  tumor,  transu- 
date, as,  for  instance,  in  Bright's  disease,  arteriosclerosis, 
or  detachment  following  a  contusion  of  the  eye,  head,  or 
body. 

It  is,  therefore,  very  important  to  study,  with  careful  ob- 
servation and  physical  examination,  the  causes  in  each  in- 
dividual case,  as  the  prognosis  as  well  as  treatment  depends 
wholly  on  the  cause.  The  cases  belonging  to  the  latter  group 
are  those  where  cure,  either  spontaneously  or  with  treatment, 
could  be  expected.  It  is  possible  that  a  subretinal  transu- 
date, due  to  arteriosclerosis  or  Bright's  disease,  will  absorb, 
if  we  can  beneficially  influence  the  patient's  general  condi- 


76        Torok:   Treatment  of  Detachment  of  the  Retina. 

tion;  a  traumatic  detachment,  which,  I  beheve,  in  cases  not 
due  to  hemorrhage,  differs  only  in  degrees  from  Berhn's 
edema  of  the  retina,  may  get  well  and  the  transudate  ab- 
sorb after  the  circulatory  disturbances,  due  to  the  paralysis 
of  the  vasomotor  nerves  of  the  vessels  of  the  retina  and 
choroid,  disappear;  a  detachment  due  to  choroidal  exudate 
may  be  cured  with  antiluetic  or  tuberculin  treatment. 

Two  cases  that  came  under  my  observation  recently  may 
be  of  interest  here: 

One  is  that  of  a  woman,  fortj^-nine  years  of  age,  with 
marked  arteriosclerosis  and  high  blood-pressure.  She  came 
to  me  in  March,  1915,  with  a  detachment  of  the  retina  above 
and  temporally.  The  eye  was  soft.  She  was  admitted  to 
the  hospital;  rest  in  bed,  subconjunctival  injections,  pilo- 
carpin  sweats,  and  potassium  iodid  were  prescribed.  After 
six  weeks  in  the  hospital  no  change  was  observed,  and  she 
left  with  a  vision  of  counting  fingers  at  a  distance  of  three  to 
four  feet  excentrically.  Two  months  later  she  returned, 
stating  that  two  days  previously  her  sight  suddenly  returned. 
On  examination  we  found  no  detachment,  tension  normal, 
the  eye  apparently  well.  \'.=  20/30.  This  condition  re- 
mained so  for  three  months,  when  she  suddenly  again  lost 
her  sight  and  returned  with  a  soft  eye  and  total  detachment. 
Since  then  the  eye  has  taken  the  usual  course  of  this  con- 
dition, and  at  present  she  has  posterior  synechia,  cataract, 
and  no  perception  of  light.  Two  or  three  months  ago  de- 
tachment developed  in  the  other  eye,  too,  and  patient  at 
present  is  totally  blind. 

The  other  case  is  that  of  a  young  man,  thirty  years  of  age, 
slightly  near-sighted,  who  has  lost  his  right  ey^  from  detach- 
ment of  retina  several  years  ago.  The  fundus  of  the  eye  is 
not  visible,  the  lens  being  opaque.  He  came  to  us  in  May, 
1915,  complaining  of  failing  vision  in  the  left  ej^e.  This  eye 
is  also  slightly  near-sighted.  In  the  periphery  of  the  fundus 
there  are  many  old  and  recent  choroidal  patches  and  several 
rather  circumscribed,  small  areas  where  the  retina  is  detached. 
He  was  taken  to  the  hospital,  where  he  reacted  positively  to 
3  mgm.  of  old  tuberculin.     The  reaction  was  local  and  gen- 
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eral,  but  no  focal  reaction  could  be  observed.  He  was  then 
treated  with  tuberculin  R.  E.,  and  under  this  treatment  not 
only  the  recent  choroidal  i)atches  became  absorbed,  but  the 
many  areas  of  detachment  also  became  reattached.  His 
vision  now  is  20/30  with  glasses,  he  has  returned  to  his  usual 
occupation  as  a  clerk,  and  has  been  doing  his  work  for  over 
a  year. 

The  second  group,  where  there  is  a  disproportion  between 
the  contents  and  the  coats  of  the  globe,  is  the  one  where  the 
prognosis  is  much  less  favorable.  Unfortunately,  this  is  the 
group  where  most  of  our  cases  belong,  since  the  greater  pro- 
portion of  the  detachments  are  those  due  to  high  myopia. 
Medicinal  treatment,  as  is  well  known,  is  of  no  avail.  There 
are  scores  of  operative  procedures  recommended  for  these 
cases.  Kittel,  as  early  as  1860,  recommended  the  para- 
centesis of  the  sclera,  and  it  is  still  the  method  most  in  favor 
with  the  majority  of  ophthalmologists.  There  are  various 
modifications  of  this  procedure:  some  puncture  only  the 
sclera  and  choroid ;  others  include  the  retina.  Pagenstecher 
makes  many  multiple  small  stab-wounds.  Wolfe  makes 
one  large  one.  De  Wecker  uses  the  electrocautery.  Pari- 
naud,  Higgers,  and  also  Holth,  the  trephine.  This  proce- 
dure has  lately  again  been  recommended  by  Parker^  and 
Thomson  and  Curtin,^  who  perform  it  without  puncturing 
the  choroid  or  retina  and  aspirate  the  subretinal  fluid  with  a 
hypodermic  syringe,  at  a  later  date  repeating  the  aspiration 
as  often  as  necessary.  Others,  as  de  Wecker,  Galezowsky, 
Martin,  and  Evers,  endeavor  to  keep  the  wound  open  and  to 
produce  constant  drainage  of  the  subretinal  fluid  by  intro- 
ducing gold  or  silver  wire,  rubber,  horsehair,  etc. 

Then,  again,  we  find  ophthalmologists  who  try  to  produce 
reattachment  by  producing  inflammation  between  retina 
and  choroid,  so  as  to  make  the  two  membranes  adhere  to 
each  other;  such  is  the  electrolysis,  injection  of  solution  of 
iodin  or  potassium  iodid  in  the  subretinal  space,  or  even  in 
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the  vitreous  (Abadie),  and  also  the  punctate  cauterization 
of  the  sclera,  as  recommended  by  de  Wecker  and  lately  b}'' 
H.  Dor.  None  of  these  procedures,  however,  as  experience 
shows,  has  given  good  result,  and  couvsequently  they  have 
been  abandoned.  There  is  really  no  possibility  of  getting 
permanent  results  with  them,  since  they  do  not  in  any  way 
influence  the  disproportion  existing  between  globe  and  con- 
tents. Deutschmann^  seems  to  be  the  first  who  realized  this 
principle.  He  says,  in  describing  his  method  of  cutting  the 
vitreous  and  retina,  that  a  detachment  can  become  reat- 
tached only  if  the  subretinal  fluid  is  removed,  but,  at  the 
same  time,  there  is  enough  fluid  introduced  into  the  vitre- 
ous, ^.  e.,  preretinally,  to  compensate  for  the  removed  fluid; 
therefore  he  does  not  remove  it,  but  empties  it  in  the  vitre- 
ous chamber.  Later  on  he  went  still  further,  and  after 
removing  the  subretinal  fluid,  introduced  rabbit's  and  calf's 
vitreous  into  the  vitreous  chamber.  In  other  words,  Deutsch- 
mann  realized  that  to  cure  a  myopic  detachment  we  have  to 
endeavor  to  equalize  the  disproportion  between  contents 
and  globe,  and  he  tried  to  achieve  it  by  increasing  the  volume 
of  the  contents.  That  the  principle  was  sound  is  shown  by 
the  fact  that  his  results  are  better  than  those  hitherto  ob- 
tained with  any  other  method.  Elschnig'  says  that  up  until 
1907  Deutschmann  had  about  400  cases  of  detachment  of  the 
retina  under  treatment.  He  succeeded  in  curing  with  his 
operations  24.7  per  cent,  of  the  cases,  while  with  other 
methods  Uhthoff  obtained  only  6.1  per  cent.  Deutsch- 
mann, however,  had  not  many  followers.  His  first  operative 
procedure  is  not  practicable,  since  it  has  to  be  repeated  sev- 
eral times — sometimes  as  often  as  30  to  40;  after  each  opera- 
tion the  patient  must  be  kept  in  bed  for  two  to  three  weeks, 
and  the  interval  between  operations  is  also  several  weeks, 
so  that  the  whole  treatment  may  last  for  years.  The  second 
method  of  injecting  rabbit's  or  calf's  vitreous  is  often 
accompanied    by   very    severe    inflammations.       Although 
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Deutschmann  considers  these  very  beneficial,  still  it  is  a 
symptom  which  is  objectionable  and  keeps  many  ophthal- 
mologists from  performing  this  operation.  At  the  same 
time  we  know  at  present  that  the  fluid  injected  into  the 
vitreous  cannot  become  a  part  of  it,  especially  if  it  is  taken 
from  an  animal. 

L.  Miiller,*'  in  1903,  published  his  new  operation,  by  which 
he  tries  to  relieve  the  existing  disproportion  by  excising  a 
piece  of  the  sclera  and  thereby  diminishing  the  size  of  the 
eyeball.  According  to  his  theory  the  detachment  in  high 
myopia  is  due  to  the  stretching  of  the  choroid  with  atrophy 
and  circulatory  disturbances,  followed  by  a  transudate. 
He  says  that  he  came  to  this  conclusion  because,  w^hile  per- 
forming his  operation,  he  found  a  yellowish  fluid  between 
choroid  and  sclera,  a  fact  that  I  can  also  confirm.  He 
attributes  the  beneficial  effect  of  his  operation,  therefore, 
not  to  the  diminishing  of  the  size  of  the  eyeball,  but  to  re- 
lieving the  tension  of  the  choroid,  thereby  improving  its 
blood  circulation  and  removing  the  cause  for  a  transudate 
to  form  between  choroid  and  retina.  The  operation,  as  I 
have  performed  it,  differs  slightly  from  the  original  operation 
of  Miiller.  This  modification  was  advised  by  Blaskovics,^ 
and  is  as  follows: 

The  patient  is  put  under  a  general  anesthetic,  although, 
according  to  Blaskovics,  this  is  not  necessary,  as  the  most 
important  and  delicate  part  of  the  operation,  the  resection 
of  the  sclera,  is  not  felt  by  the  patient.  I,  however,  have 
performed  all  these  operations  under  ether.  The  operation 
begins  with  an  extensive  canthotomy,  after  which  the  specu- 
lum is  inserted  and  the  conjunctiva  incised  above  the  ex- 
ternal rectus  muscle.  The  conjunctiva  is  carefully  dissected 
ofT  of  the  eyeball  and  then  the  external  rectus  is  seized.  Two 
catgut  sutures  are  inserted  into  the  muscle,  which  is  then 
severed  between  them.  An  elliptic  space  of  about  20  mm. 
in  length  and  10  mm.  in  width  is  now  outlined  with  a  scalpel 
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on  the  sclera.  The  anterior  border  of  this  area  is  behind  the 
insertion  of  the  external  rectus  and  the  posterior  border 
toward  the  equator.  The  elliptic  incision  is  carried  half- 
way through  the  thickness  of  the  sclera,  and  the  superficial 
layers  of  the  flap  are  removed.  Five  sutures  are  now  in- 
serted, using  double  armed  threads  and  suturing  from  within 
out.  The  sutures  are  raised  out  of  the  way,  and  thie  pos- 
terior border  of  the  incision  is  carried  through  the  entire 
thickness  of  the  sclera,  taking  great  care  not  to  injure  the 
choroid.  To  avoid  this,  it  is  better  practice  to  penetrate  at 
one  point  with  the  knife,  as  in  cyclodialysis,  and  afterward 
to  enlarge  the  incision  with  the  scissors.  The  choroid  is  now 
separated  from  the  sclera,  then  it  is  punctured,  and  by  draw- 
ing the  sutures  together  the  anterior  and  posterior  wound- 
edges  of  the  sclera  are  united  and,  at  the  same  time,  the 
scleral  flap  is  pushed  into  the  pocket  between  sclera  and 
choroid  with  the  aid  of  an  iris  spatula.  The  sutures  in  the 
external  rectus  are  now  tied,  and  the  wound  of  the  conjunc- 
tiva and  skin  closed.  Atropin  is  instilled,  both  eyes  band- 
aged, and  the  patient  put  to  bed,  where  he  remains  on  his 
back  for  eight  days.  Both  eyes  are  bandaged  for  three 
days,  after  which  the  non-operated  eye  is  left  open.  The 
operated  eye  is  bandaged  for  nine  to  ten  days.  The  sutures 
of  the  conjunctiva  and  skin  are  removed  on  the  sixth  day. 
The  sutures  of  the  sclera,  of  course,  are  not  removed,  and 
they  remain  there  without  causing  any  disturbances.  In 
one  of  my  patients  they  have  been  in  the  sclera  for  over  three 
years  and  are  well  visible  under  the  conjunctiva.  In  my 
first  two  cases  I  used  catgut  sutures  for  the  sclera,  but  found 
them  impracticable,  because  only  the  finest  catgut  can  be 
used,  owing  to  the  small  needles  employed.  This  catgut  is 
not  strong  enough  and  easily  breaks  when  the  sutures  are 
tied.  The  reinsertion  of  a  suture,  after  the  eyeball  has  been 
opened,  is  extremely  difficult  and  almost  impossible  without 
rupturing  the  choroid  and  losing  some  vitreous.     The  re- 
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action  follovviiifz;  tho  oporatioii  is  very  slifi;ht.  In  two  or  three 
cases  we  found  a  considerable  edema  of  the  bulbar  conjunc- 
tiva and  also  of  the  upper  lid.  This,  however,  subsides  in  a 
day  or  two.  Miiller  mentions  intraocular  hemorrhage  as  a 
complication,  but  I  have  so  far  not  seen  this.  The  external 
rectus  nniscle  recovers  its  function  entirely  within  about  two 
weeks.  A\Tien  the  first  ophthalmologic  examination  can  be 
made,  about  five  to  six  days  after  the  operation,  the  scleral 
flap,  which  is  tucked  in  the  suprachoroidal  space,  is  fairly 
well  visible  as  a  well-defined,  curved  white  line,  and  in  some 
cases  the  choroid  and  retina  are  thrown  into  several  folds  at 
this  place. 

The  operation,  although  first  published  in  1903,  has  not 
found  many  followers;  there  are,  at  least,  very  few  cases 
published.  Miiller^  reports  10;  6  of  them  recovered.  Holth^ 
operated  on  3,  with  2  good  results.  Czermak'*^  reports  1 
unsuccessful  case.  Schultz^^  reports  1,  where  reattachment 
occurred  and  the  vision  improved,  but  later  an  anterior 
cortical  cataract  developed.  Blaskovics"  reports  6  cases; 
4  were  for  myopic  detachments:  in  3  the  results  were  good 
and  permanent  (under  observation  for  one  and  one-half 
years);  in  1  the  detachment  recurred  six  months  later. 
Leitner^^  reports  2:  in  1  he  had  no  result;  in  the  other  it 
was  satisfactory. 

Elschnig^''  presented  one  cured  case  to  a  medical  society  in 
Austria,  and  reported  at  the  same  time  that  he  had  per- 
formed this  operation  in  11  instances.  His  results  were, 
however,  not  given.  I  performed  my  first  operation  in  1912, 
and  since  then  operated  upon  11  cases.  In  my  first  6  I  had 
no  permanent  results.  The  detachment  in  each  case  was 
much  smaller,  or  disappeared  entirely  immediately  after  the 
operation,  but  recurred  later.  In  one  of  these  the  patient's 
sight  improved  from  hand  movement  to  20/50,  but  a  month 
later  the  detachment  recurred  and  the  sight  was  again  en- 
tirely lost.  I  attribute  these  failures  to  lack  of  technic  and 
to  the  fact  that  I  excised  but  a  very  small  piece  of  the  sclera — 
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not  larger  than  10  by  5  mm.  As  I  later  on  increased  the 
size  of  the  excised  scleral  flap  the  results  were  better  and 
more  promising.  Following  are  the  cases  and  their  short 
history : 

L.  M.,  a  woman  of  forty-five  j^ears  of  age,  who  lost  one 
eye  from  detachment  of  retina  due  to  high  myopia,  came  to 
the  Herman  Knapp  ^Memorial  Eye  Hospital  Clinic  in  July, 
1914,  with  high  myopia  and  detachment  of  one  month's 
standing  in  the  other  eye.  V.=  fingers  at  six  feet.  July  14, 
1914,  Miiller's  scleral  resection  was  performed,  and  to  date 
she  has  a  small  shallow  detachment  below,  which  interferes 
but  very  little  with  her  field  of  vision  and  her  sight.  V.  with 
correcting  glasses  =  20/200. 

H.  G.,  male,  forty-seven  years  old,  high  myopia  in  both 
eyes.  Right  eye  lost  from  detachment  several  years  pre- 
viously. Came  under  observation  in  October,  1914,  with  a 
detachment  of  six  months'  standing  in  the  left  eye.  The 
detachment  was  almost  total,  and  the  patient's  sight  was 
only  movement  of  the  hand  in  front  of  the  eye.  October  27, 
1914,  Miiller's  resection.  Immediately  after  operation  he 
had  no  detachment  and  vision  was  20  100  with  glasses. 
Later  the  detachment  recurred,  and  in  January,  1915,  he 
had  a  rather  large  one  in  the  periphery;  field  concentrically 
contracted  to  about  20  in  all  directions.  V.=  10/200;  no 
improvement  with  glasses.  This  condition  is  stationary  up 
to  this  date. 

A.  F.,  female,  thirty-eight  years  of  age.  Right  eye  high 
myopia.  V.  with  sph.— 8=20  50.  Left  eye  myopic  de- 
tachment of  eight  months'  standing,  almost  total  detach- 
ment, including  the  macula.  Vision  hand  movements  ex- 
centrically.  February  20,  1917,  Miiller's  resection  of  the 
sclera.  Immediately  after  operation  no  detachment,  field 
free,  but  has  a  central  scotoma.  V.=  10/200  excentrically. 
Condition  is  stationary  up  to  this  date.  Small  circum- 
scribed detachments  can  be  seen  in  the  periphery. 

J.  H.,  male,  thirty-eight  j^ears  of  age,  high  myopia.  Right 
eye  detachment  eight  months.  V.=  fingers  at  three  feet. 
The  detachment  is  shallow,   but  extends  over  the  entire 
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fiiiidus,  not  iiicludiuf!;  the  iiuicula.  March  1,  1917,  jVItillor's 
res(>etion  of  the  sclera.  No  detachment  after  operation; 
field  free.  V.  with  glasses=  20/100.  To  date,  below  in  the 
extreme  periphery,  small,  very  shallow  detachment.  V.= 
20  100. 

H.  S.,  male,  twenty-eight  years  of  age,  high  myopia 
both  eyes.  Left  eye  total  detachment  for  five  months. 
V.=  movements  of  hand  excentrically.  Scleral  trephining 
performed,  but  without  result.  February  6,  1917,  resection 
of  sclera.  Very  large  scleral  flap  excised — about  25  by  15 
mm.  Immediately  after  operation  no  detachment  of  retina. 
V.  at  present  with  sph.-5=  10/200. 
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DISCUSSION. 

Dr.  W.  E.  Lambert,  New  York:  As  the  reader  of  the 
paper  has  said,  the  operations  usually  performed  are  most 
unsatisfactory.  I  have  operated  upon  several  cases  of  de- 
tachment of  the  retina,  and  so  far  as  I  can  recall  the  results 
have  been  unsatisfactory  in  all.  In  only  one  of  them  was 
the  result  at  all  promising,  and,  unfortunately,  the  improve- 
ment did  n6t  remain. 

I  think  that  it  might  be  of  interest  to  report  in  this  connec- 
tion a  rather  remarkable  case  of  spontaneous  reattachment. 
The  patient,  a  lady  aged  sixty-one  years,  was  operated  on 
for  cataract  in  one  eye.  V.=  20/20.  The  other  eye  was 
operated  on  in  January,  1911,  with  the  result  of  20  30 
with  correction.     In  January,   1914,   she  appeared  at  ni}' 
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office  with  an  enormous  detachment  of  the  retina  involving 
the  lower  right  quadrant.  V.=  fingers  in  the  lower  field. 
She  was  taken  into  the  infirmary,  kept  in  "bed  four  weeks, 
with  the  usual  treatment — no  operation.  As  there  was  no 
improvement  at  the  end  of  this  time,  I  advised  her  to  return 
to  her  home  in  Stamford,  Conn.  I  believed  the  condition 
to  be  hopeless.  In  May  of  the  same  year,  three  months 
later,  she  came  back,  and  I  foimd  a  complete  reattachment 
of  the  retina,  with  V.=  20/40.  I  saw  her  in  April,  1917, 
and  she  still  has  the  same  vision. 

Dr.  Walter  R.  Parker,  Detroit,  Mich.:  In  my  first 
report  of  results  obtained  from  operation  for  detachment  of 
the  retina  there  w^ere  11  cases.  In  one  case  vision  was  re- 
stored to  normal,  and  in  3  cases  improved.  Field  of  vision 
was  improved  in  8  cases.  Since  that  report  was  published 
I  have  operated  on  6  other  cases  without  improvement  in 
the  vision  in  any  case,  although  there  w^as  some  improve- 
ment in  the  fields.  The  total  number  of  cases  in  which 
vision  was  raised  to  normal  or  improved,  therefore,  is  the 
same  as  in  the  first  report,  but,  of  course,  the  percentage  is 
lower.  There  were  4  cases  of  myopia — 2  were  made  worse 
and  2  were  unimproved.  Since  making  my  report  a  con- 
siderable number  of  cases  that  were  entirely  unfit  for  any 
surgical  procedure  have  been  sent  to  me  for  operation. 
These  cases  should  not  be  operated  upon  simply  because 
they  have  detachment  of  the  retina,  but  they  must  first  be 
made  a  good  surgical  risk.  Detachment  of  the  retina  is 
purely  a  symptom  and  not  a  clinical  entity,  and  we  shall 
require  much  more  experience  than  we  have  had  up  to  the 
present  time  to  be  able  to  select  the  operable  cases.  Ap- 
parently, however,  we  have  in  the  surgical  treatment  the 
best  method  at  our  disposal  in  certain  cases.  I  have  never 
done  a  resection  of  the  sclera  for  detachment  in  mj^opic 
cases,  but  from  a  purely  mechanical  standpoint  it  seems  the 
only  solution  for  this  class  of  cases. 


REPORT  OF  A  TUMOR  OF  THE  FRONTAL  LOBE 
OF  THE  BRAIN  WITH  OCULAR  SYMPTOMS. 
AUTOPSY. 

ARNOLD    KNAPP,    M.D., 

New  York. 

The  following  case  of  tumor  of  the  frontal  lobe  is  of  interest 
on  account  of  the  form  of  visual  field  defect  and  the  cystic 
protrusion  of  the  floor  of  the  third  ventricle. 

S.  H.  v.,  aged  thirty-six  years,  was  first  seen  on  September 
11,  1916,  on  account  of  failing  sight  and  pain  about  the  left 
eye  which  had  existed  for  six  months.  He  had  had  an  attack 
of  grip  last  winter  and  has  been  treated  for  neuritis.  The 
general  health  has  been  good,  except  that  he  has  been  rather 
irritable,  with  some  mental  aberrations  and  attacks  of  partial 
unconsciousness.  The  patient  has  been  an  excessive  smoker 
and  a  moderate  user  of  alcohol.  The  Wassermann  test 
was  4  +  . 

Examination  of  the  eyes:  V.  R.  E.=  20/50;  L.  E.=  2/200, 
excentric.  The  pupils  contract  promptly  and  then  imme- 
diately dilate  again.  The  optic  discs  are  atrophic,  left  more 
than  right,  with  the  characteristics  of  a  descending  atrophy. 
The  fields  show  a  central  scotoma  in  both  eyes,  together  with 
peripheric  contraction  in  the  left  (Fig.  1).  Examination 
of  the  nose  reveals  a  deflected  septum  and  left  posterior 
ethmoidal  and  sphenoidal  disease. 

The  septum  was  straightened,  the  left  posterior  nasal 
cavities  cureted,  and  some  polypoid  tissue  was  removed. 
This  was  followed  by  improved  breathing,  but  no  change 
either  in  vision  or  in  the  headache. 

The  patient  was  seen  again  on  March  9,  1917,  by  the  cour- 
tesy of  Dr.  C.  G.  Coakley.  He  had  been  treated  with  mer- 
curial inunctions,  potassium  iodid,  and  strychnin.  \'ision 
was  reduced  to  R.  E.,  2/200;  L.  E.,  M.  h."^  in  lower  field. 
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Pupils  moderately  dilated,  react  to  light.  Field  reduced 
(Fig.  2).  The  headache  had  not  abated.  Patient  apathetic, 
mentally  slow,  and  there  is  numbness  of  the  right  side  of 
the  face. 

^An  a:-ray  examination  was  made  by  Dr.  E.  W.  Caldwell 
(Fig.  3),  who  reported  that  there  was  external  bone  absorp- 


Fig.  1. 


Fig.  2. 


tion  in  the  sella  turcica  and  in  the  anterior  fossa,  just  anterior 
to  the  sella,  and  above  the  posterior  ethmoidal  cells.  The  cor- 
tex of  the  sella  is  so  completely  absorbed  that  there  is  no 
shadow.  This  absorption  suggests  pressure  by  an  unusual 
mass  lying  in  the  sellar  region,  partly  in  the  anterior  and 
partly  in  the  middle  fossae. 


Fig.  3. — A'-ray  showing  excavation  and  bone  rarefaction  in  anterior  and  middle 
cranial  fossa.     Deformation  of  anterior  clinoid  processes. 
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He  was  admitted  to  the  Presbyterian  Hospital  on  Dr. 
A.  V.  S.  Lambert's  service  for  an  exploratory  operation.  An 
osteoplastic  flap  was  reflected  in  the  right  temporal  fossa; 
general  oozing  and  diploic  bleeding  were  so  great  that  the 
operation  had  to  be  interrupted,  and  three  hours  later  the 
patient  died. 

At  autopsy  a  large  tumor  measuring  2  by  23/2  inches  was 
found  in  the  right  frontal  l()l)e.  It  was  an  irregular,  round 
mass  springing  fi'om  the  dura  on  the  convexity  and  from  the 
adjoining  part  of  the  falx.  The  tumor  was  sharply  defined 
and  of  a  very  firm  consistence,  being  readily  shelled  out,  and 
consequently  would  have  been  most  operable.  The  micro- 
scopic examination  showed  it  to  be  an  endothelioma.  The 
right  frontal  lobe  was  greatly  enlarged  at  the  expense  of  the 
left,  so  that  the  median  line  ran  obliquely  in  the  left  half  of 
the  skull ;  the  cortex  of  the  right  lobe  was  very  much  reduced 
in  size,  even  to  the  naked  eye.  The  bone  covering  the  sphe- 
noidal and  ethmoidal  cells  was  very  thin.  The  optic  nerves 
were  distinctly  flattened.  Posterior  to  the  chiasm  there  was 
a  rounded,  bulging  mass,  a  distended  tuber  cinereum,  which 
had  crowded  the  optic  tracts  apart  and  was  hiding  the 
mammillary  bodies.  The  wall  of  this  distended  area  was  so 
thin  as  to  be  translucent.  The  dilatation  of  the  third  ven- 
tricle was  limited  to  its  lowest  part,  forming  a  sacculated 
diverticulum.  The  hypophysis  was  the  size  of  a  small  lima- 
bean  and  was  displaced  backward.  The  dural  covering  to 
the  pituitary  fossa  was  intact,  and  the  infundibular  opening 
was  not  enlarged  (Figs.  4  and  5). 

The  brain,  in  brief,  showed  a  frontal  tumor  in  an  enor- 
mously enlarged  right  lobe  which  had  produced  a  sacculated 
distention  of  the  third  ventricle  and  pressure  atrophy  of  the 
underlying  bone  in  the  anterior  and  middle  cranial  fossae. 

The  bilateral  central  scotoma  and  the  excavation  of  struc- 
tures anterior  to  the  anterior  clinoid  processes,  as  seen  in  the 
x-ray,  suggested  a  definite  locahzation  of  the  tumor  at  the 
base  of  the  frontal  lobe,  but  the  autopsy  showed  that  the 
tumor  was  situated  at  the  convexity  of  the  right  frontal  lobe, 
next  to  the  falx. 

Tumors  situated  at  the  base  of  the  frontal  lobe  are  known 
to  produce  optic  neuritis,  optic  atrophy,  paralysis  of  the 
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ocular  muscles,  and  exophthalmos,  while  pressure  further 
back  upon  the  chiasm  or  tract  causes  hemianopsia.  Martin* 
collected  61  cases  of  tumor  of  the  frontal  lobe  and  found  in 
31  pronounced  optic  neuritis,  in  10  no  change,  in  3  unilateral 
optic  neuritis,  in  7  optic  neuritis  occurring  late  in  the  course 
of  the  disease,  and  in  10  optic  atrophy.  In  8  cases  the  optic 
neuritis  was  more  marked  on  the  side  of  the  tumor,  and  in 
2  it  was  more  marked  on  the  opposite  side.  The  occurrence 
of  unilateral  choked  disc  in  brain  tumor  confirms  the  basal 
locahzation  of  the  lesion.f  The  combination  of  one-sided 
marked  visual  disturbance  or  amaurosis  with  optic  atrophy 
in  association  with  choked  disc  on  the  other  side  indicates  a 
tumor  anterior  to  the  chiasm,  which  has  compressed  one 
optic  nerve,  causing  atrophy  and  a  choked  disc  of  the  second 
eye.  The  choked  disc  is  prevented  on  the  affected  side  by 
the  tumor  shutting  off  the  communication  with  the  inter- 
vaginal  space  of  the  optic  nerve.  Schultz-ZehdenJ  reported 
a  case  in  which  a  tumor  starting  from  the  lower  surface  of 
the  midbrain  had  invaded  the  floor  of  the  frontal  lobe  and 
penetrated  the  right  lateral  ventricle.  The  right  frontal  lobe 
was  enormously  enlarged.  The  right  optic  nerve  in  front  of 
the  chiasm  was  completely  crushed  by  the  tumor  and  trans- 
formed into  tumor  tissue.  There  was  an  optic  atrophy  upon 
that  side,  with  bhndness,  and  the  other  eye  presented  the 
picture  of  a  choked  disc.  Paton§  has  drawn  attention  to  the 
fact  that  a  frontal  tumor  may  definitely  press  upon  one  optic 
nerve  with  a  central  scotoma  in  the  corresponding  eye  and 
primary  optic  atrophy;  in  the  other  eye  the  sight  is  unaf- 
fected, and  ophthalmoscopically  there  is  a  fairly  intense 
optic  neuritis.  Paton  states  that  this  class  of  case,  in  which 
there  is  pressure  on  one  optic  nerve  with  optic  neuritis  in 

*  Lancet,  July  10,  1897. 

t  Uhthoff:  Bowman  Lecture,  Trans.  Ophth.  Soc.  U.  K.,  1914. 

t  Klinische  Monatsbl.  f.  Augenheilk.,  xliii,  pt.  ii,  p.  153. 

§  Trans.  Ophth.  Society  U.  K.,  1910,  p.  133.     Brain,  1909,  p.  68. 


Fig.  4. — Position  of  tumor. 


Fig.  5. — Base  of  brain,  .showing  protrusion  of  floor  of  the  third  ventricle, 
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the  other  eye,  is  not  uncommon,  for  during  the  last  few  years 
a  nuinhor  of  cases  of  this  kind  have  come  to  his  attention  at 
the  (Queen's  Square  Hospital.  Three  or  four  cases  were  re- 
corded in  which  blindness  developed  without  disc  signs  of 
pressure  atrophy,  and  then  atrophy  developed  in  five  to  six 
weeks. 

In  this  country  Foster  Kennedy*  has  described  this  same 
association  of  symptoms  of  a  retrobulbar  neuritis  on  the  side 
of  the  tumor  and  papilledema  on  the  opposite  side. 

In  the  case  reported  in  this  paper  the  bilateral  central 
scotoma,  to  my  mind,  is  an  evidence  of  pressure  exerted  on 
both  optic  nerves.  The  history  of  excessive  tobacco  indul- 
gence and  the  complicating  disease  of  the  left  posterior  nasal 
cells  cannot  explain  the  optic-nerve  changes.  That  this 
pressure  was  considerable  is  shown  by  the  excavation  of  the 
sphenoidal  and  ethmoidal  region,  as  shown  by  the  a:-ray. 

The  cystic  distention  of  the  floor  of  the  third  ventricle, 
as  seen  in  this  case,  is  a  frequent  finding  in  internal  hydro- 
cephalus. Its  presence  in  a  tumor  of  the  convexity  of  the 
frontal  lobe  is  interesting.  The  pressure  which  it  exerted 
was  shown  by  the  x-ray  to  be  sufficient  to  deform  the  sella, 
displacing  the  normal  hypophysis  backward.  It  cannot  be 
stated  whether  pressure  enough  was  exerted  on  the  tracts 
and  chiasm  to  cause  visual  changes  in  this  case  on  account 
of  the  severity  of  the  process  in  the  anterior  cranial  fossa. 

It  is  known  that  internal  hydrocephalus  can  cause  excava- 
tion and  pressure-atrophy  of  the  sella  turcica  from  cystic 
dilatation  of  the  floor  of  the  third  ventricle.  The  chiasm 
which  projects  into  the  anterior  wall  of  the  third  ventricle 
is  compressed  and  blindness  results.  Dyspituitary  symp- 
toms have  also  been  produced,  and  supposedly  hypophyseal 
tumors  have  been  operated  upon,  but  the  third  ventricle  was 
opened  instead.  As  the  posterior  part  of  the  chiasm  projects 
into  the  third  ventricle  pressure  in  hydrocephalus  may  first 

*  Amer.  Jour.  Med.  Sci.,  1911. 
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be  exerted  upon  this  part  of  the  chiasm.  It  is,  therefore, 
possible  that  the  first  change  in  the  visual  field  is  a  central 
bitemporal  hemianopic  scotoma.  This  can  then  lead  to  a 
central  scotoma  or  to  the  development  of  a  bitemporal  hem- 
ianopsia. Bitemporal  hemianopsia  as  a  chiasmal  lesion  from 
a  distended  third  ventricle  is,  however,  unusual.* 

DISCUSSION. 

Dr.  G.  E.  de  Schweinitz,  Philadelphia:  I  have  studied 
several  patients  with  frontal  lobe  disease, — tumor  or  ab- 
scess,~demonstrated  in  one  of  them  by  autopsy,  and  reas- 
onably certain,  because  of  the  general  and  ocular  symptoms 
in  two  of  them  who  had  retrobulbar  neuritis  and  central 
scotoma  ipsolateral  to  the  lesion.  Although  the  frontal 
lobe  may  be  involved  by  a  tumor  without  causing  locahzing 
symptoms,  it  is  interesting  to  emphasize  the  derangements 
of  the  intellectual  functions  which  may  be  present,  and  to 
which  Dr.  Knapp  has  referred.  It  has  seemed  to  me  that 
these  may  range  from  impairment  of  judgment  to  a  species 
of  silliness,  or  sometimes  of  suUenness  or  moroseness,  and 
even  at  times  suggest  a  mild  dementia,  if  that  is  not  too 
strong  a  term.  Be  that  as  it  may,  mental  deterioration  with 
the  eye  symptoms  which  Dr.  Knapp  has  described  are  cer- 
tainly strongly  suggestive  of  frontal  lobe  disease. 

*Henschen:  Berl.  klin.  Wochenschr.,  1897,  p.  1061.  Uhthoff:  Bowman 
Lecture,  Trans.  Ophth.  Soc.  U.  K.,  1914. 


REPORT  OF  A  CASE  OF  TOTAL  LOSS  OF  VISION 
IN  ONE  EYE  AND  PARTIAL  LOSS  IN  THE  OTHER 
COMPLETELY  RELIEVED  BY  A  SELLAR  DECOM- 
PRESSION OPERATION. 

WALTER  R.  PARKER,  M.D., 

Detroit,  MichiKan. 

I.  H.,  male,  aged  thirty-three  years,  business  manager, 
first  came  under  observation  October  20,  1915,  complaining 
of  loss  of  vision  in  j-ight  eye  during  past  year,  with  rapid 
failure  of  vision  during  the  past  three  months,  until  now  the 
eye  is  nearly  blind.  The  vision  in  the  left  eye  began  to  fail 
during  the  past  three  weeks.  The  acuity  of  vision  was 
variable.  During  this  entire  period  of  failing  vision  he  has 
been  subject  to  attacks  of  pain  over  right  eye  radiating  to 
right  mastoid  region  and  occiput.  It  is  made  worse  by  stoop- 
ing over,  as  in  the  act  of  tying  his  shoes,  or  by  lying  down, 
^Yllile  the  attacks  are  worse  at  night,  they  are  not  infrequent 
during  the  daytime.  Recently,  associated  with  pain  he  has 
extreme  nausea  and  vomiting.     He  is  readily  fatigued. 

Family  History. — Father  died  of  pulmonary  tuberculosis. 
Mother  died  of  cancer  of  the  uterus  at  the  age  of  fifty-six 
years.  Paternal  grandfather  died  of  Bright 's  disease  at 
fifty-eight. 

Personal  History. — When  three  years  old,  fell  downstairs, 
striking  his  head  on  a  crock,  cutting  left  eyelid;  at  the  age 
of  ten  h(^  fell  from  a  horse,  was  unconscious  for  some  time, 
but  made  prompt  and  apparently  complete  recovery.  His- 
tory of  chancroid  ten  years  ago.  Frequent  infections  of 
gonorrhea  and  venereal  warts.  Denies  specific  history. 
Says  he  has  been  unusually  well  all  his  life. 

As  a  child  was  very  thin,  but  later  gradually  increased  in 
weight,  until,  when  aged  thirty,  he  weighed  180  pounds. 
During  the  past  three  years  he  has  gained  20  pounds,  with- 
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out  increase  in  size  of  hands  or  feet.  Two  years  ago  noted 
beginning  anaphrodisia.     Desires  not  lost,  but  diminished. 

Eye  Examination. — October  15,  1915,  V.  R.  E.=  1/200, 
eccentric;  L.  E.=  6/73^.  Pupillary  reflexes,  right  eye,  slug- 
gish to  direct  light,  normal  to  consensual  stimulation  and 
in  accommodation;  left  eye  reacts  normally  to  direct  light, 
but  sluggishly  to  consensual  stimulation;  accommodation 
reflex  normal. 

Ophthalmoscopic  Examination. — Right  eye:  Media  clear, 
disc  slightly  blurred  nasally,  with  slight  edema.    Outer  lower 
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Fig.  1. — Visual  fields  before  operation,  October  4,  1915. 


quadrant  somewhat  pale.  Shallow  physiologic  cup  present; 
lamina  cribrosa  not  seen.  Retinal  vessels  small,  somewhat 
tortuous,  slight  arteriovenous  compression.  Foveal  reflex 
present.  Left  eye:  Media  clear,  disc  not  pale,  rings  present, 
but  possibly  slight  edema  of  nerve  up  and  in ;  lamina  cribrosa 
seen.  Cilioretinal  artery  at  4  o'clock  in  place  of  inferior  in- 
temporal.  Slight  engorgement  of  veins;  no  tortuosity  of 
vessels,  as  noted  in  right  eye. 

Fields. — Visual  fields,  October  4,  1915 — The  right  e}^: 
no  color  perception.  The  form  field  was  absent  below ;  above, 
contracted  to  55°  out,  45°  up,  and  50°  in.     Left  eye:   The 
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form  fiold  showed  a  temporal  hemianopsia  for  green,  other- 
wise normal  (Fig,  1).  Six  days  later  the  right  field  was  en- 
tirely lost,  except  for  a  small  temporal  island.  The  left  field 
showed  (juadrantal  defects  for  green,  red,  and  blue,  each 
varying  in  extent  directly  according  to  the  size  of  the  disc 
employed  in  taking  the  field.  The  fields  for  blue  and  red  are 
shown  in  Fig.  2. 

X-ray  Examination. — Stereoscopic  set  of  plates  of  the 
sellar  region  was  made  by  Dr.  Preston  M.  Hickey,  who  made 
the  following  report : 

The  size  of  the  sella  is  a  little  larger  than  normal,  the 


Fig.  2. — Fields  for  blue  and  red  taken  with  different  size  squares.  Before 
operation:  a,  10  mm.  square;  b,  5  mm.  square;  c,  3  mm.  square;  d,  1  mm. 
square. 


increase  being  in  the  horizontal  plane.  The  posterior  clin- 
oidal  processes  can  be  indistinctly  made  out.  The  absorp- 
tion of  the  processes  is  most  marked  in  the  middle  portion, 
so  that  the  tips  appear  as  isolated  pieces  of  the  bone.  These 
findings  would  suggest  a  new-growth  involving  the  soft 
tissues  occupying  the  sella. 

X-ray  examination  of  the  sinuses  was  negative  except  for 
a  slight  cloudiness  of  the  left  maxillary  antrum. 

Von  Pirquet  tubercuhn  test  by  Dr.  Stafford  strongly  posi- 
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tive.  Wassermann  on  blood  and  spinal  fluid  by  Dr.  Stafford 
negative.  The  spinal  fluid  was  under  considerable  pressure 
and  was  clear  and  colorless.  Examination  showed  marked 
increase  of  the  reducing  substance.  Other  laboratory  tests 
negative.  Severe  headaches  for  several  days  following  the 
spinal  puncture — most  severe  when  not  in  a  prone  position. 
This  was  followed,  however,  by  a  feeling  of  well-being  and 
slight  improvement  in  vision  of  left  eye. 

Physical  Examination  by  Dr.  Freund. — Patient  normal 
height.  Appearance  not  feminine.  Hair  soft  and  thin.  No 
change  in  quantity.  Skin  not  altered  in  consistence.  Gen- 
eral adiposity  but  no  marked  distribution  of  panniculus  in 
pads.  Vascular  tension,  120-75.  Slight  hypothermia.  Other 
internal  secretory"  glands  not  abnormal.  High  glucose  toler- 
ance: took  300  gm,;  none  appeared  in  urine.  Teeth,  fauces, 
heart,  and  lungs  normal.  No  palpable  abdominal  organs. 
Prostate  large. 


On  October  15,  1915,  0.45  gm.  of  neosalvarsan  was  admin- 
istered as  a  provocative  test.  Wassermann  reaction  made 
in  three  separate  laboratories  was  negative  in  each  in- 
stance. 

Diagnosis  of  tumor  in  region  of  pituitar}^  body  was  made, 
and  a  sellar  decompression  operation  advised.  The  patient 
refused  to  consider  an  operation  of  any  kind. 

In  view  of  the  seriousness  of  the  visual  changes  and  vene- 
real history,  the  patient  was  empirically  given  active  anti- 
syphilitic  treatment.  Slight  improvement  followed  the  use 
of  neosalvarsan  and  mercury,  but  it  was  of  short  duration. 
The  patient  finally  consented  to  have  the  operation  per- 
formed, and  he  was  referred  to  Dr.  Harvey  Gushing  October. 
28,  1915. 

Sellar  decompression  operation  was  performed  November 
4,  1915,  with  removal  of  a  portion  of  the  pituitary  struma. 
Five  days  after  the  operation  the  vision  began  to  return. 
On  the  eleventh  day  the  central  vision  in  the  right  eye  was 
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normal  and  the  field  showed  only  an  inferior  nasal  quadrantal 
defect.     Dr.  Walker  reports  as  follows: 

October  29,  1915:  On  admission  his  vision  in  the  right  eye 
was  very  slight  light  perception,  which  could  questionably 
be  determined  to  be  in  the  upper  temporal  quadrant.  In 
the  left  eye  there  was  a  characteristic  temporal  hemianopsia, 
almost  complete  for  colors,  with  small  disc  0.3. 

November  11,  1915:  Vision  in  the  right  eye  20/20  +  ;  slight 
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Fig.  3.— Fields  May  24,  1917.     V.  =  R.  E.,  6/4;   L.  E.,  6/4. 

indentation  of  the  lower  nasal  quadrant,  both  for  colors  and 
form.  The  left  eye,  V.=  20/15  —  ,  with  only  slight  defect 
detected  on  the  green  screen.  Color  vision,  fields  practically 
normal. 


On  December  12,  1915,  the  fields  were  normal  except  for 
an  inferior  nasal  notching,  and  have  remained  the  same. 

Following  the  operation  the  patient  was  given  5  grains  of 
the  extract  of  the  whole  pituitary  gland  three  times  daily. 
This  he  has  contii:iued  to  take  up  to  the  present  time.    Except 
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for  an  occasional  attack  of  headache,  he  has  been  in  good 
health,  attending  to  his  business  without  interruption. 

The  case  was  apparently  one  of  cyst  of  the  pituitary  gland 
with  pressure  on  the  chiasm  leading  to  physiologic  block, 
which  was  relieved  by  the  sellar  decompression. 

The  fields  were  taken  by  Dr.  George  M.  Waldick,  to  whom 
I  am  indebted  for  valuable  assistance  in  completing  the 
records  in  this  case. 

DISCUSSION. 

Dr.  C.  F.  Clark,  Columbus,  Ohio:  I  am  sorry  that  I  have 
not  here  the  fields  of  a  case  that  was  quite  similar  to  the  one 
just  described,  and  which  was  also  referred  to  Dr.  Cushing, 
with  a  similar  result.  The  feature  to  which  I  wish  to  call 
attention  is  the  fact  that  the  picture  showed  perceptible  out- 
lines of  the  growth.  If  I  had  the  plate  here.  I  could  show  you 
a  well-defined  curved  line  outlining  the  growth.  The  pa- 
tient had  had  severe  headache.  He  was  subjected  to  anti- 
syphilitic  treatment  for  some  time  without  result,  and  was 
very  readily  induced  to  resort  to  this  treatment.  A  trans- 
sphenoidal operation  was  done  by  Dr.  Cushing.  Within  five 
days  the  man  was  up,  and  within  six  weeks  was  home  and 
attending  to  his  business.  It  was  startling  to  me  to  see  what 
prompt  results  could  be  obtained  by  this  procedure.  Before 
seeing  this  case  I  had  no  conception  of  the  possibilities  of  this 
operation.  The  physician  who  accompanied  the  patient 
stated  that  he  had  seen  at  the  clinic  a  number  of  cases  in 
which  there  were  similar  very  prompt  recoveries  from  this 
operative  procedure.  The  patient  has  been  for  six  or  seven 
months  apparently  in  good  health.  He  had  fields  similar  to 
those  shown  by  Dr.  Parker. 

Dr.  Joseph  A.  White,  Richmond,  Va. :  I  should  like  to 
report  a  case  of  impending  blindness  relieved  by  an  opera- 
tion on  the  head.  There  was,  however,  no  trouble  of  the 
pituitary  gland,  and  the  operation  was  an  external  sub- 
temporal decompression.  The  sellar  decompression  is  on 
probation,  and  the  final  outcome  of  attacking  pituitary 
growths  in  this  way  is  3'et  to  be  demonstrated.     We  can 
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rarely  make  a  complete  removal  of  the  growths,  unless  a 
small  cyst,  and  therefore  cannot  know  whether  the  relief 
will  be  permanent  or  not.  The  case  I  refer  to  is  that  of  a 
man,  aged  nineteen  years,  who  came  to  me  April  17,  1917, 
with  V.=  4/200.  He  had  an  attack  of  pneumonia  the  latter 
part  of  February,  and  during  convalescence  complained  of 
severe  headaches  and  gradual  depreciation  of  vision.  He 
was  pale,  anemic,  weak,  no  appetite,  and  nearly  blind. 
Blood-pressure  was  178;  urinary  analysis  negative,  and  both 
discs  much  engorged.  X-rays  of  the  head  gave  no  clue  to 
the  trouble.  Spinal  puncture  showed  the  spinal  fluid  under 
pressure,  but  no  bacteria  present.  On  April  19th  V.  =  2/  200, 
and  I  did  a  decompression  on  the  right  side,  subtemporally, 
and  removed  a  large  piece  of  the  bone  about  2}/^  inches 
vertically  and  13^  inches  horizontally.  The  dura  was 
opened  vertically,  the  whole  length  of  the  bone  opening, 
down  to  the  zygoma.  The  brain  was  under  considerable 
pressure,  but  no  hernia  resulted.  Quite  an  amount  of 
cerebral  fluid  escaped,  and  a  drain  was  put  inside  the  dural 
opening,  just  above  the  zygoma,  and  the  external  wound 
closed.  In  forty-eight  hours  V.=  20/200;  in  one  week 
20/100;  in  ten  days,  20/40;  May  12th,  20/20-.  Blood- 
pressure,  S.  135;  D.  80.  The  drain  was  kept  in  one  week, 
and  as  the  engorgement  of  the  discs  was  disappearing  it  was 
removed.  Four  days  after  the  operation  he  was  put  on 
increasing  doses  of  potassium  iodid,  and  is  still  taking  it. 
There  were  no  focal  signs  of  intracranial  trouble,  no  history 
of  specific  trouble,  a  Wassermann  was  negative,  and  it  is 
difficult  to  get  at  the  cause.  There  was  evidently  some  ob- 
struction to  the  outflow  of  the  cerebral  fluid,  causing  an  in- 
ternal hydrocephalus,  possibly  a  localized  meningitis  com- 
plicating the  pneumonia,  as  it  is  not  uncommon  to  find 
meningeal  complications  in  severe  cases  of  pneumonia.  I 
am  satisfied  that  if  the  operation  had  not  been  done  he  would 
have  had  permanently  impaired  vision  if  he  did  not  become 
entirely  blind  from  secondary  atrophy.  The  brilliant  result 
in  this  case  shows  that  a  decompression  should  always  be 
considered  in  cases  of  bilateral  choked  disc. 

Dr.  Allen  Greenwood,  Boston,  Mass.:    Many  of  you 
are  likely  to  be  w^orking  in  France  before  long,  and  you  will 
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observe  a  great  many  men  coming  to  the  base  hospitals  with 
furrow  wounds  of  the  skull  made  by  high-velocity  bullets, 
or  some  with  a  large  piece  of  shell  impinging  on  the  cra- 
nium without  perforating  the  outer  table.  In  the  maj  ority 
of  these  cases  you  will  find  a  condition  of  the  inner  table 
and  brain  that  needs  operative  interference.  You  may  not 
call  it  a  decompression,  for  it  is  necessary  to  perform  the 
craniectomy  operation  at  the  site  of  the  injury.  Within  a 
few  days  after  the  reception  of  such  an  injury  the  patient 
has  choked  disc  coming  on  with  great  rapidity,  and  if  noth- 
ing is  done,  he  may  go  on  to  a  disastrous  end.  If  the  oph- 
thalmologist sees  these  cases,  he  finds  rapidly  developing 
choked  disc,  which  indicates  the  necessity  for  an  immediate 
craniectomy  or  decompression,  if  you  prefer  to  call  it  that, 
and  removal  of  the  disorganized  brain  substance,  because, 
in  many  of  these  cases,  even  when  the  outer  table  is  not 
scratched,  there  may  be  an  area  in  which  the  inner  table  is 
driven  for  two  or  three  inches  into  the  brain  substance. 
When  the  skull  is  opened,  brownish  brain  substance  bubbles 
out  under  pressure.  In  a  few  days  following  the  operation, 
if  things  go  well,  the  choking  of  the  discs  disappears.  There 
is  very  little  meningitis  following  this  sort  of  surgery.  It  is 
an  interesting  type  of  work  for  the  ophthalmologist  in  con- 
nection with  the  brain  surgeon,  and  some  of  you  may  be 
able  to  bear  out  these  observations. 

Dr.  G.  E.  de  Schweinitz,  Philadelphia:  Dr.  Parker's 
interesting  communication  confirms  previous  observations 
in  that,  in  the  presence  of  an  apparently  atrophic  disc  and 
greatly  degraded  vision,  or  even  with  temporary  complete 
loss  of  light  perception,  operation  may  restore  useful  vision. 
The  same  result  may  occasionally  be  secured  by  glandular 
administration  (pituitary  body  or  thyroid  extract),  as  has 
occurred  in  my  own  practice  in  two  undoubted  cases,  and 
possibly  in  a  third.  I  take  this  opportunity  again  to  call 
attention,  as  an  early  ocular  symptom  of  pituitary  body 
disease,  to  a  form  of  blurred  vision  which  may  antedate,  by 
a  long  period  of  time,  the  amblyopia  which  is  associated  with 
ophthalmoscopic  nerve-head  changes  or  any  form  of  scotoma 
or  any  visual  field  defect.  The  period  may  last  for  a  long  time 
before  the  disc  pallor  is  evident  or  a  scotoma  can  be  demon- 
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stratod  by  tlio  ordinary  mot  hods.  The  patient  sees,  but  as 
if  throiif2;h  a  faintly  persisting  mist.  I  suspect,  too,  that 
numbness  of  the  hands  and  a  long  period  of  awkwardness 
in  their  use  may  precede  definitely  demonstrable  lesions. 

Dr.  Peter  A.  Callan,  New  York:  One  thing  that  is 
very  interesting  is  the  remark  of  Dr.  Greenwood  regarding 
the  way  military  injuries  show  eye  symptoms.  In  my  ex- 
perience, it  takes  a  week  following  fracture  of  the  skull  to 
show  hyperemia  of  the  optic  nerve,  and  ten  days  or  two 
weeks  or  longer  before  choked  disc  occurs. 

Dr.  Walter  R.  Parker,  Detroit,  Mich.:  In  closing  I 
should  like  to  call  attention  to  the  point  brought  out  by  Drs. 
de  Schweinitz  and  HoUoway,  in  regard  to  the  variability  in 
the  scotomata.  In  certain  of  these  cases  the  blind  area  will 
vary  from  day  to  day,  not  only  in  shape,  but  also  in  intensity. 
The  point  emphasized  by  Dr.  de  Schweinitz  in  regard  to  the 
relation  of  the  color  of  the  disc  to  the  vision  is  very  striking. 
There  may  be,  in  the  case  of  physiologic  block,  a  marked 
paling  of  the  disc.  The  test  given  us  by  Dr.  Walker,  of 
using  different  sized  discs  in  taking  the  field,  is  a  valuable 
contribution.  If  the  field  varies  directly  as  the  size  of  the 
disc  employed,  it  indicates  a  physiologic  block  rather  than 
an  atrophic  process,  and  suggests  a  much  better  prognosis 
than  when  the  field  is  approximately  the  same  for  all  discs 
used. 


A  CASE  OF  ANEURYSM  OF  THE  INTERNAL  CA- 
ROTID ARTERY  (INTRACRANIAL  PORTION)  AND 
ITS  EFFECT  UPON  THE  PATIENT'S  VISION. 

JOHN  R.  SHANNON,  M.D., 

New  York. 

The  case  which  I  wish  to  report  is  as  follows: 

I  was  consulted  on  September  28,  1915,  by  a  ladj^,  aged 
fifty-two  years,  the  wife  of  a  physician  living  in  one  of  the 
suburbs  of  New  York.  She  related  that  two  days  previously 
she  noticed,  on  covering  her  left  eye,  that  the  vision  of  the 
right  was  blurred,  and  particularly  with  respect  to  colored 
objects.  This  condition  persisted.  I  had  seen  the  patient 
at  intervals  for  some  years,  and  had  prescribed  correcting 
glasses  for  a  compound  myopic  astigmatism  of  low  degree 
and  for  presbyopia.  On  the  present  occasion  V.  0.  D.= 
counting  fingers  at  three  feet;  O.  S.  =  20/15,  with  correcting 
glass. 

The  condition  of  the  affected  eye  as  to  pupillary  reaction, 
transparency  of  the  media,  appearance  of  the  eye-ground, 
and  optic  nerve  head  was  normal,  but  on  taking  the  visual 
field  I  found  a  small  central  scotoma  of  the  dumb-bell  variety, 
10  degrees  vertically,  20  temporally,  and  approximately  6 
nasally  from  the  fixation-point.  The  scotomata  for  colors 
were  considerably  larger,  and  in  their  customary  order. 
Examination  of  the  urine  disclosed  nothing  of  importance, 
and  the  blood,  on  examination,  was  found  normal.  The 
Wassermann  test  was  negative,  and  this  was  subsequently 
verified  from  the  spinal  fluid.  There  were  no  signs  of  any 
toxemia.  The  nasal  sinuses  were  thoroughly  examined  by 
two  most  capable  men  and  found  normal,  although,  to  "make 
assurance  double  sure,"  Dr.  McKernon  opened  the  right 
sphenoidal  sinus  shortly  before  Christmas.  X-ray  pictures  of 
the  skull  and  its  contents  were  taken  many  times,  but  noth- 
ing was  revealed;   the  teeth  were  carefully  gone  over  by  a 
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competent  authority,  and  two,  which  were  slightly  suspi- 
cious, removed.  The  patient  was  given  piloearpin  injections, 
}/s  gr..  every  night  for  two  weeks,  l)ut  without  effect,  and 
potassium  iodic!  and  sodium  salicylate  were  given  to  the 
limit  of  tolerance.  hj9 

In  the  meantime  the  condition  of  the  eye  grew  worse;  the 
blind  areas  in  the  field  increased  in  size.  By  Novem})er  lOth, 
six  weeks  after  the  onset,  the  color  fields  had  disappeared; 
pallor  of  the  nerve  head  was  not  established  until  January 
21st,  although  the  vision  had  been  lowered  to  a  questionable 
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detection  of  moving  objects  three  weeks  previously.  During 
this  period  I  had  anxiously  watched  the  condition  of  the 
left  eye,  and  on  December  3d  noticed  a  possible  slight  wooli- 
ness  of  the  disc  margins;  vision  and  field,  however,  were 
normal.  A  month  later  the  caliber  of  some  of  the  retinal 
arteries  appeared  a  little  irregular  and  the  patient  required 
a  small  increase  in  the  myopic  correction  in  order  to  read  the 
normal  line.  On  February  5th  the  vision  was  20/20  minus 
three  letters.  The  field  then  showed  an  enlargement  of  the 
blind  spot,  with  a  sector-shaped  defect  in  the  temporal  field 
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for  colors.  A  little  later  there  appeared,  in  addition,  a  small 
central  scotoma  for  small  test-objects  and  the  vision  fell  to 
20  50.  I  had  the  patient  seen  in  consultation  by  Dr.  Duane, 
who  concurred  in  the  findings,  but  was  unable  to  suggest  a 
cause.  On  February  10th  and  the  three  succeeding  days  she 
was  under  observation  by  Dr.  Harvey  Gushing,  who  made  an 
exhaustive  study  of  the  case,  but  confessed  himself  unable 
to  offer  any  solution  of  the  problem.  I  then  had  a  thorough 
neurologic  examination  of  the  patient  made  by  Dr.  Foster 
Kennedy,  being  convinced  that  there  must  be  some  intra- 


4-*//^ 


7»«        i  li 


Field  February  .5,  1916. 


cranial  condition  at  the  root  of  the  trouble.  Dr.  Kennedy 
reported  to  me  his  conclusions,  which  were  briefly  as  follows: 
That  there  were  symptoms,  not  very  marked,  but  present, 
of  a  deterioration  of  function  in  the  pyramidal  tract  going 
to  the  left  side  of  the  body.  These,  associated  with  the 
descending  atrophy  of  the  optic  nerve  on  the  right  side, 
apparently  progressing  over  to  that  of  the  left  eye,  and  in 
spite  of  certain  evidence  opposed  to  the  diagnosis,  especially 
the  presence,  in  an  almost  normal  degree,  of  the  sense  of 
smell,  led  him  to  the  conclusion  that  there  was  probably  a 
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slowly  growing  noii-nuilisiuuit  tumor  takiiif^  orip;iii  mainly 
at  the  base  of  the  right  frontal  lobe.  He,  therefore,  suggested 
a  decompression  operation  in  the  right  frontal  region,  saying: 
"I  cannot  but  feel  that,  while  the  course  that  I  think  is 
pi'obahly  wisest  soimds  rash  and  audacious,  it  is  not  more 
pessimistic  than  waiting  luitil  blindness  has  overcome  the 
left  eye  as  well  as  the  right,"  At  this  time  the  vision 
amounted  to  20/50,  the  field  was  as  already  described,  and 
the  fundus  and  media  were  practically  normal. 


Showing  position  of  tmeurysm. 


On  February  25th  the  patient  was  operated  on  by  Dr. 
Charles  Elsberg,  who  opened  the  cranial  cavity  and  gently 
elevated  the  right  frontal  lobe,  but  no  growth  could  be  seen 
in  the  limited  field  thus  disclosed.  Further  than  this  it  was 
not  deemed  wuse  to  proceed. 

Recovery  from  the  operation  was  steady  but  slow;  there 
were  some  slight  evanescent  cerebral  symptoms,  but,  on  the 
whole,  the  patient  was  fairly  comfortable.  She  was  removed 
to  her  home  on  March  15th,  and  continued  with  little  change 
in  her  condition,  the  vision  a  few  days  before  her  death  being 
still  20/50.     On  May  13th,  shortly  after  rising,  she  com- 
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plained  of  a  sharp  pain  in  the  head,  became  immediately 
unconscious,  and  quickly  lapsed  into  profound  coma,  dying 
ten  hours  afterward. 

The  autopsy  disclosed  an  aneurysm  of  the  right  internal 
carotid  artery,  near  the  circle  of  Willis,  which  had  burst, 
flooding  the  third,  fourth,  and  lateral  ventricles.  The  growth 
was  so  situated  as  to  press  upon  the  right  optic  nerve,  which 
was  atrophied,  less  markedly  upon  the  chiasm  and  slightly 
upon  the  left  optic  nerve. 

This  case  seems  to  me  to  be  of  special  interest  in  view  of 
the  fact  that  the  symptoms  accompanying  the  progress  of 
the  malady  were  almost  entirely  ocular.  The  whole  subject 
of  aneurysm  of  the  cerebral  arteries  was  exhaustively  studied 
by  C.  F.  Beadles,  who  delivered  a  lecture  on  the  subject  be- 
fore the  Royal  College  of  Surgeons  of  England  in  1907, 
having  collected  555  cases  upon  which  to  found  his  conclu- 
sions. According  to  this  observer,  definite  symptoms  occur 
in  but  31  per  cent,  of  the  cases.  In  those  affecting  the  intra- 
cranial portion  of  the  internal  carotid  artery,  while  compres- 
sion of  one  or  both  optic  nerves  or  of  the  chiasm  is  not  un- 
usual, it  is  remarkable  how  seldom  the  sight  is  affected.  The 
symptoms  of  brain  tumor,  headaches,  vomiting,  and  choked 
disc,  may  be  present,  but  it  is  also  remarkable  how  frequently 
they  are  absent.  Optic  neuritis  is  rare;  hemorrhages  in  the 
retina  have  been  noted  in  a  few  instances.  Focal  symptoms 
are  more  frequent  from  aneurysm  of  the  basilar,  because  the 
cranial  nerves  or  the  important  paths  which  are  close  to  the 
surface  of  the  pons  and  medulla  may  be  implicated.  Among 
the  case  histories  I  find  that  one,  published  by  Dr.  S.  Weir 
Mitchell  in  1889,  most  nearly  resembles  the  writer's  case. 
In  Dr.  Mitchell's  patient  both  internal  carotids  entered  the 
aneurysmal  sac  and  there  were  bitemporal  hemianopsia, 
atrophy  of  both  nerves  and  tracts,  deep  depression  of  the 
brain  substance,  and  invasion  of  the  sella  turcica.  The  pa- 
tient, however,  suffered  much  from  headache,  often  severe, 
great  sense  of  fatigue,  and  weakness  in  the  legs.    Similarly, 
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in  a  case  reported  by  Bramwell,  there  were  bitemporal  hem- 
ianopsia, optic  atrophy,  and  })lindness;  hut  there  were  also 
great  general  weakness  and  insanity  preceding  death.  In 
my  patient  there  were  no  such  accompanying  conditions; 
she  went  about  her  usual  duties  and  occupations  with  a  cheer- 
fulness that  was  remarkable,  being  limited  only,  as  far  as  I 
could  see,  by  her  defective  eyesight,  and  the  only  headache 
that  I  remember  her  mentioning  was  consequent  upon  the 
opening  of  the  sinus  referred  to  above.  There  were  at 
no  time  paralyses  or  cerebral  symptoms  of  any  moment. 
Beadles  makes  a  careful  study  of  the  presence  or  absence  of 
vascular  murmurs  in  these  cases,  discusses  the  general  ques- 
tion of  diagnosis,  and  states:  ''There  is  not  a  single  case  on 
record  of  a  murmur  having  been  heard  in  proved  cases  of 
aneurysm  of  the  true  intracranial  portion  of  the  internal 
carotid,  or  of  any  of  the  larger  arteries  of  the  base  of  the 
brain." 

As  to  the  diagnosis,  the  condition  is  entirely  unsuspected 
before  the  fatal  apoplexy,  in  almost  every  case  being  iden- 
tified only  upon  the  postmortem  table,  and,  as  one  writer 
puts  it:  "It  is  only  in  rare  instances  that  a  diagnosis  of 
tumor  can  be  made,  and  that  such  a  tumor  is  an  aneurysm 
is  a  deduction  which  is  practically  not  justified." 


TRYPANOSOIME   KERATITIS— AN   EXPERI- 
AIENTAL   STUDY. 

GEORGE    E.    DE    SCHWEINITZ,    M.D., 

Philadelphia, 
AND 

AK\N    C.    WOODS,    M.D., 

Philadelphia. 
(By  invitation.) 

(From  the  John  Herr  Musser  Department  of  Research  Medicine,  University 
of  Pennsylvania,  Philadelphia.)  The  experimental  part  of  this  research  is 
entirely  the  work  of  Dr.  Alan  Woods. 

Our  interest  in  the  lesions  here  described  was  aroused 
because  we  were  asked  to  give  an  opinion  on  certain  ocular 
disturbances  occurring  in  the  course  of  the  general  study  of 
experimental  trypanosomiasis  in  the  dog.* 

The  nature  of  these  lesions,  in  view  of  om*  knowledge  of 
the  ocular  reactions  in  man,  and  in  view  of  the  observation 
of  Morax^  and  Natten-Larier  and  Monthius^  that  such  experi- 
mental lesions  have  a  striking  similarity  to  those  caused  by 
trj^panemia  of  syphilis,  led  us  to  undertake  an  extended 
investigation  of  the  ocular  lesions  occurring  in  the  dog  as  the 
result  of  infection  by  the  trypanosoma  equiperdum. 

Ocular  lesions  of  trypanosomiasis  in  man  have  been  de- 
scribed by  Morax,  Natten-Larier,  IVIonthius,  de  Gamba 
Pinto,  Laveran  and  Pettit,  Inman,  Jellett,  and  others.  The 
subjective  symptoms,  namely,  trembling  of  objects  and  anes- 
thesia of  the  conjunctiva,  are  well  known,  as  are  also  the  ob- 
jective symptoms,  keratitis,  iritis,  chorioretinitis,  and  edema 
of  the  lids.  As,  however,  these  disturbances  yield  readily 
to  trypanocidal  treatment,  there  has  been  no  opportunity 

*  Krumbhaar,  E.  B.,  and  Pearce,  R.  M.:  "Experimental  Trj-panosomiasis 
in  the  Dog,"  Jour.  Inf.  Diseases  (to  appear  shortly). 
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in  Muui  for  the  microscopic  study  of  tlio  details  of  the  path- 
ologic lesions.  It  was,  thorcforo,  in  the  liope  of  adding 
sonietliing  to  our  knowledge  of  the  pathology  of  such  ocular 
lesions  that  we  undertook  the  study  of  the  experimental 
lesions  in  the  dog. 

Historical. 

Experimental  ocular  lesions  caused  by  trypan osomes  were 
first  recognized  by  Kanthack,  Durham,  and  Blandford''  in 
1899.  These  authors  observed  corneal  opacities,  conjunc- 
tivitis, and  turbidity  of  the  aqueous  in  animals  infected  with 
trypanosomes,  and  were  able  to  demonstrate  trypanosomes 
in  the  aqueous  of  such  animals.  Elmassian  and  Migone,'*  in 
1903,  described  keratitis  and  iritis  in  horses  infected  with 
trypanosoma  equiperdum,  and  state  that  the  inoculation 
of  this  trypanosome  in  dogs  produced  similar  symptoms. 
Laveran  and  MesniP  in  1904  studied  the  ocular  lesions  pro- 
duced in  rabbits  by  the  trypanosoma  nagana.  According 
to  these  authors,  the  local  symptoms  appeared  about  twenty 
days  after  inoculation,  and  lasted  from  thirteen  to  fifty-eight 
days.  The  first  symptoms  were  a  blepharoconjunctivitis 
with  coryza,  which  became  purulent.  The  pus  collected 
under  the  lids;  the  cornea  became  secondarily  involved 
and  opacified  rapidly.  In  1906"  Stock  studied  trypanosome 
ocular  lesions  and  concluded  that  the  corneal  opacities  re- 
sulted from  an  edema  of  the  cornea.  An  iritis  sometimes 
occurred.  The  lesion  in  the  cornea  appeared  to  be  a  leuko- 
cytic infiltration.  Trypanosomes  occurred  in  the  aqueous, 
but  did  not  invade  the  cornea.  The  corneal  lesion  pathologi- 
cally was  an  interstitial  keratitis. 

Stargardt"  found  trypanosomes  in  the  anterior  chamber 
and  in  the  subconjunctival  tissue.  The  trypanosomes,  ac- 
cording to  Stargardt,  appeared  in  the  aqueous  on  the  second 
or  third  day  of  the  eye  disease,  and  then  disappeared. 

Morax,*^  in  1907,  reported  upon  the  pathologic  picture  of 
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experimental  trypanosome  ocular  lesions.  The  lesions  occur 
throughout  the  entire  eye,  but  more  especially  in  the  anterior 
segment — the  cornea  and  the  iris.  The  corneal  lesions  are 
of  three  varieties.  The  first  type  consists  in  localized  areas 
of  edema  in  the  substantia  propria  of  the  cornea;  the  lamellae 
are  separated  by  a  serous  exudation,  and  in  this  exudation  are 
large  numbers  of  trypanosomes.  There  is  but  little  cellular 
infiltration.  The  second  type  is  similar  to  the  first,  except 
that  but  few  trypanosomes  are  present  in  the  areas  of  edema, 
while  there  is  a  dense  infiltration  of  mononuclear  cells  and  a 
few  leukocytes.  The  third  type  is  notable  on  account  of  the 
absence  of  trj^panosomes,  and  the  vascularization  which  may 
take  place.  According  to  this  statement,  there  is  an  actual 
invasion  of  the  corneal  tissue  by  trypanosomes,  similar  to 
that  by  the  spirochete  in  interstitial  keratitis.  In  contrast 
to  this  report  of  Morax  are  the  experiments  of  Leber,  which 
were  reported  in  the  following  year.  Leber^  found  that  a 
parenchymatous  keratitis  occurred  in  rabbits  and  dogs  which 
had  trypanosomes  in  the  circulating  blood  and  in  the  aqueous 
The  injection  of  killed  trypanosomes  into  the  anterior  cham- 
ber caused  a  keratitis,  and  Leber,  therefore,  believed  that  the 
ocular  lesions  were  due  to  a  toxin  formed  by  the  trypano- 
somes. Killed  trypanosomes  injected  subconjunctivally 
caused  a  keratitis.  The  cornea  of  an  eye  showing  a  trypano- 
some keratitis  was  clipped  off,  macerated,  and  injected  in 
a  rat,  and  the  rat  did  not  develop  trypanosomiasis.  Leber, 
therefore,  concluded  that  a  toxin,  and  not  an  actual  invasion 
of  the  trypanosome,  was  responsible  for  the  corneal  opacity. 
To  further  prove  this,  Leber  infected  mice  with  trypano- 
somes, and  then  rendered  their  blood  sterile  by  intravenous 
injections  of  Ehrlich's  ''Spirasyl."  This  sterile  or  ''cured" 
blood,  which  he  assumed  should  contain  the  trypanosome 
toxin,  when  injected  into  the  anterior  chamber  of  rabbits, 
caused  an  exquisite  keratitis  in  six  to  eight  days.  This  last 
experiment  is  invalidated,  however,  by  the  observation  of 
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Sattler,"'  in  1909,  that  normal  foreign  blood  injected  in  the 
anterior  chamber  can  cause  similar  lesions. 

Morax"  again,  in  1909,  reported  experiments  in  which  he 
attempted  to  produce  keratitis  by  intracorneal  injection  of 
aqueous  and  blood  containing  trypanosomes.  Morax  ob- 
served the  precaution  of  injecting  aqueous  and  blood  from 
animals  of  the  same  species,  avoiding  the  lesions  incident  to 
the  injection  of  foreign  protein.  A  keratitis  or  corneal  opac- 
ity did  not  occur  in  any  of  the  animals  injected  intracor- 
neally.  Morax,  therefore,  stated  that  it  was  impossible  to 
say  whether  the  corneal  lesions  resulting  from  trypanosome 
infection  were  produced  by  a  toxin  elaborated  by  the  trypano- 
somes in  the  anterior  chamber  or  by  the  actual  invasion  of 
the  cornea  by  the  trypanosomes. 

The  occurrence  of  trypanosomes  in  the  tissue  of  the  cornea 
was  substantiated  in  1911  by  Yorke.^-  In  excellent  studies 
Yorke  conclusivel}^  showed  the  presence  of  trypanosomes  in 
the  areas  of  exudation  in  the  cornea.  To  demonstrate  the 
trypanosomes  it  was  necessary  that  the  cornea  be  fixed  in 
Flemming's  solution,  and  the  sections  stained  either  by  the 
iron-alum-hematoxylin  or  by  the  safranin-methylene-blue- 
orange-tannin  methods.  If  the  tissues  were  fixed  in  formalin, 
the  trypanosomes  were  not  stained. 

Ulbrich,'^  in  1910,  studied  the  chorioretinitis  produced  by 
trypanosomes.  It  was  impossible  to  study  such  lesions  in 
animals  with  a  general  trypanosomiasis  because  the  corneal 
opacity  was  of  such  intensity  that  it  was  impossible  to  see 
the  fundus.  Ulbrich  isolated  the  vortical  vein  of  the  orbit 
and  injected  trypanosomes  there.  By  this  means  he  was 
able  to  produce  a  chorioretinitis  in  4  out  of  15  animals. 
He  was  unable  to  demonstrate  trypanosomes  in  the  tissue 
of  the  fundus,  but  found  them  constantly  in  the  fluid  beneath 
the  retina. 

In  relation  to  the  formation  of  toxins  by  the  trypanosome, 
Laveran  and  Pettit^^  have  conclusively  demonstrated  that  an 
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endotoxin  is  produced  which  may  give  characteristic  symp- 
toms. 

Technic. 
The  trypanosoma  equiperdmn  was  used.  A  dog  was  in- 
oculated intraperitoneally  with  the  blood  of  a  white  rat 
infected  with  such  trypanosomes.  About  ten  days  later 
trypanosomes  appeared  in  the  circulating  blood.  The  dogs 
used  in  the  experiments  were  now  infecte.d  from  this  or  from 
similar  seed  dogs.  To  infect  the  dogs,  1  c.c.  per  kilo  of  body 
weight  of  the  blood  of  the  seed  dogs  was  given  intrave- 
nously. 

General  Symptoms. 
No  change  was  noted  in  the  dogs  for  a  period  of  from  one  to 
two  weeks.  Usually  at  some  time  during  this  period  trypano- 
somes appeared  in  the  circulating  blood.  The  dogs  then 
showed  an  intense,  gradually  developing  anemia  and  loss  of 
weight.  As  successive  dogs  were  inoculated  the  trypanosome 
infection  became  more  virulent.  The  dogs  became  drows}^ 
and  listless  and  slept  constantly.  Localized  swellings  due 
to  edema  appeared  over  the  body,  in  the  joints,  scrotum,  etc., 
and  trypanosomes  were  found  in  the  edema  fluid.  In  fact, 
there  appeared  to  be  an  invasion  of  trypanosomes  in  practi- 
cally every  fluid  of  the  organism.  Enlargement  of  the  spleen, 
choluria,  and  increased  urobilin  excretion  were  constant 
findings. 

Ocular  Symptoms. 
1.  Incubation  Period. — The  interval  elapsing  between  the 
time  of  inoculation  and  the  occurrence  of  trj^panosomes  in  the 
blood  was  variable,  and  depended  entirely  upon  the  amount 
and  the  trypanosome  content  of  the  blood  with  which  the  dog 
was  infected.  After  the  appearance  of  trypanosomes  in  the 
blood,  the  interval  elapsing  before  the  occurrence  of  ocular 
symptoms  was  variable.    Ocular  symptoms  appeared  in  one 


i)E  ScHWEiNiTz  AND  WooDs:  Tri/panosome  Keralilis.     Ill 

dog  two  days  after  the  appearance  of  trypanosomes  in  the 
blood,  in  another  three  days,  in  another  five  days,  and  at 
irregular  intervals  up  to  eighteen  days.  Three  dogs  died  from 
trypanosomiasis — two  on  the  seventeenth  day  after  the  ap- 
pearance of  trypanosomes  in  the  blood  and  one  on  the  fourth 
day,  without  the  development  of  eye  lesions.  In  general, 
however,  in  the  dogs  which  developed  ocular  lesions,  the 
symptoms  appeared  usually  between  the  fifth  and  the  twelfth 
days  after  the  appearance  of  trypanosomes  in  the  blood. 

Types  and  Clinical  Course  of  Ocular  Lesions. 

Two  distinct  types  of  ocular  lesions  were  noted:  (1)  A 
simple  clouding  of  the  cornea  with  little  pericorneal  injection, 
photophobia,  or  involvement  of  the  iris;  (2)  a  clouding  of 
the  cornea  with  marked  pericorneal  injection,  photophobia, 
iritis,  and  hemorrhages  and  exudations  in  the  anterior  chamber. 
In  the  dogs  first  inoculated  the  simple  clouding  of  the  cornea 
alone  was  observed.  As  the  trypanosome  was  transferred 
from  dog  to  dog  and  became  more  virulent,  the  development 
of  the  iritis  became  more  constant  and  severe  in  character. 

In  several  dogs  the  first  symptom  observed  was  a  marked 
contraction  of  the  pupil,  with  an  elevation  of  the  iris  and  a 
shallow  anterior  chamber,  giving  the  appearance  of  an  "iris 
bombe"  due  to  a  posterior  effusion.  This  was  followed  in 
twenty-four  hours  by  a  clouding  of  the  cornea.  In  the  other 
dogs  this  preliminary  contraction  of  the  pupil  and  shallow 
anterior  chamber  was  not  observed. 

In  two  dogs  showing  only  the  clouding  of  the  cornea  with- 
out iritis,  a  very  slight  pericorneal  injection  first  appeared, 
which  was  followed  in  twenty-four  hours  by  a  slight  dimming 
of  the  cornea,  which  gradually  increased  in  intensity  until 
the  entire  cornea  was  gray  and  opaque  and  the  iris  could  not 
be  seen.  Examined  with  a  sph.+20  D.  lens,  the  opacity  of 
the  cornea  was  uniform,  resembling  ground  glass.  This  con- 
dition of  the  cornea  persisted  for  from  four  to  seven  days, 
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gradually  clearing  up,  leaving  an  apparently  normal  cornea, 
iris,  and  fundus. 

The  majority  of  the  dogs  showed  an  iritis  in  addition  to  the 
keratitis.  These  dogs  developed  first  a  very  slight  pericor- 
neal injection,  followed  by  a  slight  haze  of  the  cornea.  Syn- 
chronous with  the  development  of  the  opacity  of  the  cornea 
hemorrhages  appeared  in  the  anterior  chamber.  The  iris 
was  irregular  and  a  slight  exudation  appeared.  The  pericor- 
neal injection  deepened,  the  cornea  became  gray  and  opaque, 
the  exudation  and  hemorrhage  in  the  anterior  chamber  in- 
creased in  size,  and  a  marked  photophobia  developed — in 
short,  the  symptoms  of  an  exudative  iritis  with  keratitis. 
This  condition  continued  and  became  gradually  more  intense 
up  to  the  death  of  the  animal.  In  no  case  were  granuloma 
of  the  iris  or  corneal  ulcers  observed. 

Character  of  the  Aqueous  and  Vitreous  Humors. 

In  the  aqueous  of  all  eyes  showing  lesions  trypanosomes 
were  found.  The  aqueous  of  those  eyes  with  only  a  simple 
keratitis  contained  trypanosomes  and  occasional  endothelial 
cells.  The  aqueous  of  the  eyes  with  both  a  keratitis  and  iritis 
showed  trypanosomes,  many  red  blood-cells,  endothelial  cells, 
small  round-cells,  and  leukocytes.  Active  phagocytosis  of 
the  erythrocytes  by  the  leukocytes  was  going  on.  The  endo- 
thelial cells  appeared  from  their  morphology  to  be  either  from 
the  endothelial  layer  of  the  cornea  or  from  the  anterior 
epithelial  layer  of  the  iris. 

It  was  impossible  to  make  examinations  of  the  vitreous 
from  the  eyes  of  living  dogs.  To  determine  the  character 
of  the  vitreous  an  eye  showing  the  typical  lesions,  in  a  dog 
infected  with  trypanosomes,  was  enucleated.  The  eye  was 
opened,  and  a  portion  of  the  vitreous  removed.  The  vitreous 
appeared  much  less  viscous  than  normal.  Examined  micro- 
scopically, this  vitreous  contained  a  moderate  number  of 
red  blood-cells  and  occasional  actively  motile  trypanosomes. 
No  other  cells  were  seen. 
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Wo  havo  made  ropeated  examinations  of  the  blood  and 
aqueous,  noting  the  i)resence  or  al)senc'e  of  trypanosomes  and 
the  time  of  occurrence  of  eye  lesions.  Three  dogs  of  the  series 
ran  a  typical  general  course  of  trypanosomiasis,  anemia, 
enlarged  spleen,  etc.,  without  the  occurrence  of  trypano- 
somes in  the  aqueous  or  the  development  of  eye  lesions. 
Every  dog  with  eye  lesions,  however,  showed  trypanosomes  in 
the  aqueous.  Ocular  lesions  are  apparently  not  due,  therefore, 
to  a  general  toxin  carried  to  the  eye  by  the  l^lood  or  lymph. 

Repeated  examinations  of  the  aqueous  have  been  made 
before,  synchronous  with,  and  after  the  appearance  of,  the 
ocular  lesions.  In  no  case  were  trypanosomes  found  in  the 
aqueous  without  the  development  of  eye  lesions.  With  the 
appearance  of  the  first  faint  symptoms  of  impending  eye 
trouble  trypanosomes  constantly  appeared  in  the  aqueous. 
Several  times,  in  the  routine  examination  of  the  aqueous 
made  every  two  days,  trypanosomes  would  be  found  in  the 
aqueous  of  an  eye  apparently  clear.  In  each  such  case  the 
next  examination  of  the  eye,  always  within  eighteen  hours 
and  usually  before,  showed  beginning  ocular  disorder.  The 
development  of  the  ocular  lesions  is  synchronous  with,  if 
not  dependent  upon,  an  infection  of  the  aqueous  with  try- 
panosomes. 

In  order  to  demonstrate  this  point  further  the  anterior 
chamber  of  one  eye  of  a  normal  dog  was  injected  with  the 
trypanosome-containing  aqueous  of  a  dog  with  ocular  lesions 
and  a  general  trj^panosomiasis.  The  next  day  this  dog 
showed  a  contracted  pupil  and  a  shallow  anterior  chamber, 
with  a  clear  cornea — the  earliest  symptom  of  impending 
ocular  disorder  due  to  trypanosome  infection.  Twenty-four 
hours  later  there  was  a  well-marked  opacity  of  the  cornea, 
with  pericorneal  injection,  which  was  soon  complicated  by 
an  iritis.  The  blood  of  this  dog  remained  free  of  trypano- 
somes for  some  time,  no  anemia  developed,  and  beyond  the 
ocular  condition  the  dog  remained  normal  in  every  way. 
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In  relation  to  the  hemorrhages  observed  in  the  anterior 
chamber,  thrombosis  of  the  capillaries,  especially  of  the  brain, 
has  been  observed  several  times  by  other  authors.  Although 
we  have  no  direct  proof,  it  seems  quite  probable  that  the 
hemorrhages  in  the  anterior  chamber  may  be  caused  by  a 
thrombosis  or  rupture  of  the  arteries  of  the  iris  by  the 
trypanosomes. 

Possible  Relationship  of  Other  Conditions  to  Ocular 

Lesions. 
All  dogs  injected  with  trypanosomes  showed  a  decided 
anemia  and  enlarged  spleens.  As  will  be  shown  in  other 
studies  from  this  department,  the  anemia  was  due  to  in- 
creased blood  destruction,  which  was  only  partially  compen- 
sated for.  This  was  demonstrated  by  the  choluria  and  the 
increased  urobilin  excretion.  It  seemed  possible  that  these 
factors  might  have  some  influence  on  the  ocular  lesions.  In 
order  to  determine  this,  the  blood-picture  of  dogs  developing 
eye  lesions  and  those  without  eye  lesions  have  been  followed. 
No  appreciable  difference  was  found  between  the  two,  and 
it  seems  probable  that  the  anemia  bears  no  relationship  to 
the  eye  lesions.    Tables  I  and  II  illustrate  this  point. 


TABLE  I.— anemia  OF  DOGS  SHOWING  OCULAR  SYMPTOMS. 

Dog. 

Controls  at  Time  of 
Inoculation. 

At  Time  of  Appear- 
ance of  Trypanosomes 
IN  Blood. 

At  Time  of  Outbreak 
of  Ocular  Symp- 
toms. 

Hb, 
per 
cent. 

R.  B.  C. 

W.  B.  C. 

Hb, 
per 
cent. 

R.  B.  C. 

W.B.C. 

Hb, 
per 

cent. 

R.  B.  C. 

W.B.C. 

16-69 

16-72 

16-76 

16-78 

16-93 

16-94 

16-97 

17-23 

17-30 

96 
101 
101 
103 
116 
112 
112 
9S 
90 

7,210,000 
0,400,000 
7,300,000 
t),.5S0,00() 
7,4.")0,000 
7,.')00,00() 
7,430,000 
7,240,000 
6,300,000 

l.-),S00 
10.200 
9,000 
12.400 
10,S00 
11,200 
22,700 
14,000 
16,000 

72 
46 
(iO 
90 
114 
(is 
96 
99 
76 

(i.00(),()()0 
2,S0(1,0II0 
4,0S0.()0I) 

(i, (;()(), 000 

7,S()().()00 
4,.'>00,()00 
7,600,000 
(>,4 10,000 
5,200,000 

12,600 
10.660 
24,000 
11,600 
9,000 
10,500 
17,000 
12,500 
11,200 

31 
30 
61 
50 
84 
62 
32 
65 
52 

3,600,000 
2,900,000 
3,660,000 
3,400,000 
4,720,000 
3,870,000 
2,700,000 
4,310,000 
3,660,000 

5,000 

25,600 

15,200 

5,400 

16,130 

9,900 

4,500 

5,200 

6,600 
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TABLE  II.— ANEMIA  OF  DOGS  WITPIOUT  OCULAR  LESIONS. 


Dog. 

Control  at  Timk  ok 
Inoc'ui.ation. 

At  Time  op  Appeah- 

ANCE  OF    TrYPANOSOMES 

IN  Blood. 

Fifteen  Days  After 

.-Vppearance  of 

Trypa.noso.me8  in 

Blood. 

Ml), 
per 
cent. 

U.  R.  C. 

w.n.c. 

HI), 
per 
pent. 

U.  H.  C. 

VV.  B.  C. 

Hh, 
per 
cent. 

K.  B   C. 

W.  B.  C. 

16-70  

J7-44 

S3 
111 

.5,0()0,00() 
7,018,000 

12,000 
13,000 

62 
80 

4,200,000 
5,660,000 

8,400 
12,100 

3!) 
4  J 

3,000,000 
3,070,000 

.5,600 
.j,700 

Similarly,  several  dogs  with  tryi)aii()somiasis  aiitl  eye  le- 
sions have  been  splenectomized  to  determine  if  splenectomy 
could  have  any  influence  upon  the  disease,  and  consequently 
upon  the  ocular  condition.  The  dogs  splenectomized  did  not 
do  well,  the  general  condition  and  the  ocular  condition  re- 
maining practically  unaffected,  or,  if  anything,  becoming 
more  intense.  All  the  dogs  splenectomized  died  within  ten 
days,  with  no  improvement  in  the  ocular  condition. 

Microscopic  Pathology.* 

Lesions  are  present  in  the  cornea,  iris,  and  retina.  The 
lesions  in  the  cornea  of  those  eyes  showing  only  a  simple 
keratitis,  and  those  with  both  a  keratitis  and  an  iritis,  are 
similar  in  character,  differing  only  in  intensity.  The  lesions 
are  best  demonstrated  by  hematoxylin  and  eosin  staining. 
The  lesions  caused  by  trypanosomes  in  the  several  tissues 
of  the  eye  are  as  follows: 

Cornea. — Hematoxylin  aiid  Eosin  Stain. — The  cornea  is 
two  or  three  times  its  normal  thickness.  The  lesions  are 
limited  entirely  to  the  substantia  propria.  This  tissue  is  very 
loose  and  distended;  some  foci  are  much  looser  than  others. 
The  distention  of  the  cornea  is  intralamellar.  Invading  these 
foci,  and  throughout  the  cornea,  there  is  considerable  cellular 
infiltration,  in  which  polynuclear  and  mononuclear  cells  can 

*  We  are  indebted  to' Dr.  Allen  J.  Smith,  Professor  of  Pathology  in  the  LTni- 
versity  of  Pennsylvania,  for  valuable  assistance  in  the  study  of  the  sections. 
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clearly  be  recognized.  In  addition  there  are  elongated  forms 
which,  from  their  granularity,  are  probably  pohaiuclear  cells, 
while  other  elongated  cells  with  more  solid  nuclei  are  prob- 
ably fibroblasts.  Elongated  spiral-shaped  cells  are  also  pres- 
ent which  have  the  external  morphologj^  of  trypanosomes, 
but  in  the  corneal  sections,  with  this  stain,  the  characteristic 
nuclear  arrangement,  upon  which  a  definite  diagnosis  can  be 
made,  cannot  be  demonstrated. 

There  are  new  capillaries  extending  up  from  the  sclera  into 
the  cornea.    These  capillaries  are  choked  with  blood  (Fig.  1). 

Alum-Iron-Hematoxijlin  Stain. — Yorke^'-  has  recommended 
for  the  demonstration  of  trypanosomes  in  the  cornea  that 
the  tissue  be  fixed  in  Flemming's  solution,  embedded  in 
paraffin,  sectioned  as  thin  as  possible,  and  stained  by  alum- 
iron-hematoxylin  (Heidenhain's  method).  Preparations  of 
a  cornea  showing  the  characteristic  lesions  have  been  made 
and  stained  by  this  method. 

In  these  sections,  especially  when  counterstained,  trj-pano- 
somes  can  be  definitely  made  out  in  between  the  lamellae  of 
the  cornea.  In  the  sections  we  have  prepared  the  parasites 
are  not  so  numerous  as  in  the  sections  reported  by  Alorax  and 
Yorke.  Nevertheless,  they  can  be  made  out,  and  the  char- 
acteristic nuclear  arrangement  demonstrated.*  The  proto- 
plasm stains  very  poorly  with  the  counterstain  (Fig.  1,  B). 

Romanowsky  (WrighVs)  Stain. — In  the  hope  of  rendering 
the  trypanosomes  more  distinct,  a  number  of  sections  were 
stained  by  Romanowsky's  method.  With  this  stain  the 
nuclei  stain  a  dark  red  or  purple,  while  the  protoplasm  stains 
blue.  Trypanosomes  in  the  cornea,  lying  in  the  substantia 
propria,  can  be  demonstrated  by  this  means. 

Giemsa  Stain. — A  number  of  sections  have  been  stained  by 
the  Giemsa  method,  in  the  hope  of  demonstrating  trypano- 

*  These  sections  have  been  submitted  to  two  pathologists,  Dr.  Allen  J. 
Smith  and  Dr.  Richard  M.  Pearce,  who  have  both  concurred  in  the  definite 
diagnosis  of  trypanosomes  in  the  cornea. 
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Fig.  1. — ,4,  Cornea  stained  by  hematoxylin  and  eosin.  Low  i)o\ver,  show- 
ing capiUary  invasion  (r)  and  looseness  in  substantia  propria,  with  cellular 
infiltration.  B,  Cornea  (X  1090)  showing  actual  presence  of  trypanosomes 
in  lamelUe. 
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Fig-  2- — Iris  and  ciliary  process.    Low  power,  showing  cellular  infiltration  of 
iris  and  exudate  around  ciliary  process. 


DE  ScHWEiNiTz  AND  WooDs:    Trypauosome  Keratitis.  117 

somes.  These  preparations  have  been  unsatisfactory.  While 
the  same  suggestive  bodies  seen  with  hematoxyhn  and  eosin 
staining  are  again  seen  in  the  cornea,  the  characteristic 
nuclear  arrangement  cannot  be  seen,  and  a  definite  diagnosis 
of  trypanosomes  in  the  cornea  cannot  be  made  by  this  stain. 

LevaditVs  Silver  Nitrate  Stain. — Sections  from  a  number 
of  eyes  have  been  stained  by  this  method.  The  same  diffi- 
culties met  with  in  the  other  stains  are  again  encountered 
here,  and  the  definite  presence  of  trypanosomes  in  the  cornea 
cannot  be  established  by  this  means. 

Iris. — There  are  considerable  distention  and  looseness  of 
the  stroma  of  the  iris.  In  these  areas  of  distention  there  are  a 
good  deal  of  granular  material,  a  moderate  amount  of  fibrin, 
a  large  number  of  small  round  cells,  greatly  necrosed,  and  a 
number  of  polynuclear  cells.  There  is  no  evidence  of  trypano- 
somes in  this  tissue  with  any  of  the  several  stains  used.  Over 
the  anterior  epithelial  layer  there  is  a  thin  exudate  of  a  gelat- 
inous, homogeneous  material  containing  cellular  elements. 

The  ciliary  body  and  ciliary  processes  themselves  appear 
to  be  practically  unaffected.  In  a  few  eyes  the  stroma  of  the 
ciliarj^  processes  shows  a  very  slight  cellular  infiltration,  simi- 
lar to  that  present  in  the  stroma  of  the  iris.  The  pigment 
layer  always  appears  to  be  normal.  However,  there  is  a  very 
definite  exudation  around  the  ciliary  processes,  of  a  similar 
character  to  that  found  over  the  iris.  Tlie  exudate  is  sero- 
fibrinous in  character,  and  is  densely  infiltrated  with  mono- 
nuclear and  polynuclear  leukocytes.  In  this  exudation  a  few 
trypanosomes  can  be  seen. 

Retina. — The  changes  in  the  retina  consist  of  small  focal 
lesions,  varying  greatly  in  size.  These  lesions  are  manifested 
by  a  slight  thickening  of  the  retina,  a  general  looseness  of  the 
structure,  indistinctness  of  the  ganglion-cells,  fulness  of  the 
capillaries  of  the  vascular  layer,  and  a  general  diffuse  round- 
cell  appearance  of  the  deeper  layers,  including  the  rods  and 
cones.     Much  of  this  seems  to  be  of  a  monocellular  type, 
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which  may  have  come  from  the  diffusion  of  the  cells  of  the 
nuclear  and  granular  layers.  Polynuclear  cells  cannot  be 
distinguished,  but  they  may  be  present  and  obscured  by  the 
lymphocytic  infiltration.  Over  the  surface  of  these  foci  is  a 
very  faint  eosin-staining  homogeneous  material,  in  which  are 
polynuclear  cells  and  a  number  of  badly  vacuolated  rounded 
cells,  containing  one  or  two  nuclei.  These  are  probably 
mononuclear  cells  of  the  retina  proper  in  a  degenerate  con- 
dition. In  this  surface  exudate  there  are  also  a  number  of 
globules,  homogeneous  and  hyaline  in  appearance,  faintly 
staining  with  eosin.  Here  and  there  in  between  these  cells 
degenerate  and  rather  poorly  stained  trypanosomes  are  easily 
and  definitely  recognized.  These  trypanosomes  were  not 
recognized  in  the  retina  proper. 

In  other  portions  of  the  fundus,  between  the  pigment  layer 
of  the  choroid  and  the  sclera,  there  are  large,  serofibrinous 
cellular  exudates  containing  chiefly  degenerated  mononu- 
clear cells  and  red  blood-cells. 

Therapy. 
Riquier,^^  Schamberg,  Kolmer,  and  Raiziss^^  have  shown 
that  salvarsan,  and  the  identical  American  production,  ar- 
senobenzol,  have  a  chemotherapeutic  effect  in  trypano- 
somiasis. In  order  to  determine  if  a  similar  therapeutic 
effect  is  exerted  upon  the  ocular  condition,  two  dogs  with  a 
general  trypanosomiasis  and  ocular  lesions,  and  one  dog 
inoculated  in  the  aqueous  (ocular  lesions  without  a  general 
trypanosomiasis)  have  been  treated  intravenously  with  ar- 
senobenzol.  Two  dogs  were  given  three  injections — 0.01 
gm.  per  kilo  of  body  weight  at  each  injection,  on  successive 
days.  Three  days  after  the  last  injection  the  blood  and 
aqueous  of  one  dog  were  free  of  trypanosomes  and  the  eyes 
were  clearing  rapidly.  Within  one  week  the  ocular  lesions 
had  completely  disappeared  and  the  eyes  appeared  normal. 
Similarly  the  diseased  eye  of  the   dog  inoculated   in   the 
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Fig.  3. — ^4,  Focal  lesion  of  retina,  showinf);  disarrangement  of  retinal  layers 
and  nionoeellular  infiltration.  E,  Serofibrinous  cellular  exudate  between 
choroid  and  sclera.  B,  Exudate  over  retina  (X  1090),  showing  trypanosomes 
and  type  of  cells. 
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anterior  chamber  rapidly  cleared,  the  aqueous  being  free  of 
trypanosomes  on  the  day  of  the  last  injection,  and  the  eye 
lesions  becoming  entirely  healed  within  ten  days. 

One  dog  was  given  only  a  single  injection.  The  trypano- 
somes disappeared  from  both  the  blood  and  aqueous  within 
two  days,  the  eyes  becoming  entirely  clear  within  eight  days. 
Following  the  arsenobenzol  injection  the  dog  appeared  much 
livelier  and  the  blood-picture  slowly  improved.  Nineteen 
days  later,  however,  trypanosomes  again  occurred  in  the 
blood,  an  anemia  appeared,  and  nine  days  later  ocular  symp- 
toms returned.  One  injection  of  arsenobenzol  was  evidently 
not  sufficient  to  effect  a  permanent  cure. 

Comment. 

These  lesions — keratitis,  iritis,  and  retinitis — caused  by 
the  trypanosome  bear  a  most  striking  similarity  to  those 
caused  in  man  by  the  treponema  pallida.  In  these  lesions, 
as  in  those  of  syphilis,  there  is  an  actual  invasion  of  the 
tissues  by  the  parasite.  The  corneal  lesions  caused  b}^  the 
trypanosome  and  by  the  spirochete  appear  pathologically  to 
be  the  same  intrinsic  process — an  interstitial  keratitis. 

These  lesions  are  manifestly  due — (1)  To  a  general  toxin 
carried  either  in  the  blood  or  lymph;  (2)  to  a  toxin  elabo- 
rated directly  in  the  eye  by  the  trypanosomes;  or  (3)  to  an 
actual  invasion  of  the  ocular  tissues  by  the  trypanosomes. 
The  first  possibility,  that  the  lesions  are  due  to  a  general 
toxin,  can  be  definitely  eliminated,  for  the  ocular  lesions  do 
not  occur  in  an  animal,  no  matter  how  heavily  infected,  in- 
dependent of  an  actual  invasion  of  the  ocular  humors  by  the 
parasites.  Whether  or  not  the  corneal  lesions  are  due  to  a 
toxin  elaborated  in  the  humors,  or  by  an  actual  invasion  of 
the  trypanosomes  in  the  substantia  propria,  cannot  be  said. 
The  experiments  of  Morax  ^^  on  the  intracorneal  injection  of 
trypanosomes  are  inconclusive.  In  every  case  with  us  the 
development  of  corneal  symptoms  was  synchronous  with  the 
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appearance  of  trypanosomes  in  the  aqueous  humor.  Al- 
though trypanosomes  were  found  in  the  cornea,  we  cannot 
say  whether  or  not  they  appeared  before  or  after  the  devel- 
opment of  the  keratitis.  Trypanosomes  w^ere  not  found  in 
the  lesions  of  the  iris,  but  this  failure  may  easily  be  due  to 
the  thicker  structure  and  pigment  of  the  iris  obscuring  smy 
parasites  that  may  have  been  present.  Trypanosomes  were 
found  in  the  exudation  over  the  lesions  in  the  retina,  but  not 
in  the  retina  lesions.  Again,  this  may  well  be  due  to  greater 
density  of  the  retinal  tissue  and  the  dense  cellular  infiltra- 
tion. To  us  the  most  logical  view  appears  to  be  that  both 
factors — the  actual  invasion  of  the  tissues  by  trypanosomes 
and  a  toxin  elaborated  by  the  trypanosomes  in  the  humors — 
play  a  part  in  the  development  of  the  ocular  lesions. 

The  action  of  the  arsenobenzol  upon  the  lesions  is  of 
especial  interest.  The  subsidence  of  all  symptoms  and  the 
return  of  the  eye  to  an  apparently  normal  condition  are  so 
prompt  that  there  must  be  a  very  prompt  excretion  of  ar- 
senobenzol into  the  ocular  humors.  If  the  corneal  lesions 
are  due  to  a  toxin  elaborated  by  the  trypanosomes  in  the 
substantia  propria  of  the  cornea,  there  must  be  an  equally 
prompt  excretion  of  the  arsenobenzol  by  the  lymphatics  of 
the  cornea.  In  either  case  it  is  of  interest  that  corneal  lesions, 
similar  to  those  of  an  interstitial  keratitis  of  syphilitic  origin, 
respond  so  promptly  and  readily  to  arsenobenzol. 

Summary. 
Ocular  lesions  occur  constantly  in  dogs  infected  with  the 
trypanosoma  equiperdum.  These  lesions  are  manifested 
clinically  as  a  dense  clouding  of  the  cornea  and  an  iritis  with 
hemorrhages  and  exudations  in  the  anterior  chamber,  with  the 
occurrence  of  pericorneal  injection  and  photophobia.  The 
lesions  are  not  caused  by  a  general  toxemia,  but  occur  syn- 
chronously with  an  actual  invasion  of  the  ocular  humors  by 
the  trypanosome,  and  appear  to  be  dependent  upon  the  in- 
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vasion  of  the  ocular  humors  and  the  ocular  tissues  by  the 
parasites.  The  ocular  lesions  are  readily  cured  by  repeated 
injections  of  arsonobenzol,  the  American  reproduction  of 
salvarsan. 

Pathologically,  the  corneal  lesions  are  those  of  an  inter- 
stitial keratitis  with  an  actual  invasion  of  the  substantia 
propria  by  the  trypanosomes.  The  lesions  of  the  iris  consist 
in  a  marked  edema  of  that  tissue,  with  a  rather  dense  cellular 
infiltration  of  mononuclear  and  polynuclear  cells.  The  ciliary 
processes  are  themselves  uninvolved,  but  occasionally  they 
are  embedded  in  a  serofibrinous  cellular  exudation  in  which 
occasional  trypanosomes  are  found.  The  retinal  lesions  con- 
sist of  focal  lesions  characterized  by  a  disarrangement  of  the 
retinal  layers  with  a  monocellular  infiltration.  Over  these 
areas  is  a  cellular  exudation  containing  trypanosomes. 
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.  FIVE  YEARS'  EXPERIENCE  WITH  IRIDOTASIS. 

DAVID  HARROWER,  M.D., 

Worcester,  Mass. 

In  1911  Borthen  gave  his  experience,  with  the  operation 
of  iridotasis  as  devised  by  him,  in  97  cases.  The  results  ob- 
tained by  him  were  so  remarkable  that  I  was  led  to  try  the 
operation  in  1911.  I  reported  two  cases  before  this  Society 
in  1912,  and  several  more  in  1913.  All  these  cases  were  done 
for  chronic  glaucoma  or  for  the  relief  of  pain  in  blind  eyes. 
Of  these,  two  were  for  the  relief  of  pain,  and  both  were  suc- 
cessful. In  all  I  have  done  23  so  far,  with  improvement  in 
eyes  where  there  was  vision.  The  field  has  increased,  the 
tension  has  diminished,  and  the  patient  has  been  made  com- 
fortable at  once. 

I  have  followed  the  directions  of  Borthen  as  near  as  pos- 
sible. I  instil  a  drop  of  1  per  cent,  atropin  fifteen  minutes 
before  I  intend  to  operate.  I  then  follow  with  a  4  per  cent, 
solution  of  cocain  every  few  minutes  for  ten  minutes  before 
I  begin  my  operation.  For  the  sake  of  those  who  may  not 
have  read  the  method,  I  will  briefly  describe  it. 

After  the  cocain  has  been  used  ten  minutes,  I  grasp  the 
conjunctiva  about  10  mm.  back  from  the  cornea  and  make 
a  cut  about  10  to  12  mm,  parallel  with  the  corneal  line.  It 
is  important  that  the  whole  subconjunctival  tissue  should  be 
included  down  to  the  sclera.  This  whole  tissue  should  be 
now  separated  from  the  sclera  to  the  sclerocorneal  junction, 
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being  careful  not  to  buttonhole,  as  that  would  lead  to  infec- 
tion. If  the  conjunctiva  is  punctured,  a  new  field  should  be 
used.  I  use  the  inverted  scissors  in  dissecting  the  conjunc- 
tiva to  the  corneal  margin.  If  the  patient  is  quiet,  I  simply 
fix  the  eye  by  grasping  the  free  edge  of  the  conjunctiva  with 
the  fixation  forceps,  asking  the  patient  to  look  down,  I 
make  the  incision  just  behind  the  corneal  margin,  about  4 
mm.  wide.  Then,  with  a  pair  of  iris  forceps  introduced 
through  the  opening  just  made,  I  grasp  the  pupillary  margin 
of  the  iris,  withdraw  the  iris  into  the  opening  in  the  sclera, 
smooth  back  the  conjunctiva  into  place,  and  the  operation 
is  over.  If  the  patient  is  the  least  unquiet,  I  have  an  assis- 
tant fix  the  eye  for  me,  but  so  far  this  has  been  necessary  only 
in  two  cases.  I  have  had  no  comi)lication,  except  as  in  Case 
II  and  in  Case  V,  in  my  report  to  the  Society  in  1913,  both 
of  which  recovered  nicely. 

I  think  it  important  that  the  whole  conjunctival  tissue 
down  to  the  sclera  be  included  in  the  operation,  as  it  seems 
to  help  the  filtration.  Borthen  lays  great  stress  on  the 
stretching  of  the  iris.  He  says:  ''I  am  convinced  that  the 
operation  itself  supplies  a  number  of  important  factors  which 
have  to  do  with  the  structure  and  position  of  the  iris.  In- 
spection of  these  eyes  after  operation  shows  a  marked  varia- 
tion in  the  form  of  the  pupil  from  that  produced  by  iridec- 
tomy. It  is  oval  or  pyriform,  with  the  point  toward  the 
incarceration.  The  radial  arrangement  of  the  ii'is  fibers, 
too,  is  entirely  changed,  so  that,  instead  of  converging  to- 
ward the  central  pupil,  they  are  drawn  out  in  the  direction 
of  the  prolapse.  The  crypts  appear  longer,  and  the  contrac- 
tion furrows  are  smoothed  out.  This  traction  on  all  parts  of 
the  iris-diaphragm  is  marked,  and  may  be  so  excessive  as  to 
draw  the  pupil  away  from  the  center.  I  believe  that  this 
traction  itself  indirectly  affects  tension,  much  in  the  same 
way  as  but  more  actively  than  eserin  and  active  accommo- 
dation.    I  am  convinced  that  extraocular  filtration  is  only 
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one  and  possibly  a  minor  factor  in  the  reduction  of  tension, 
and  the  increased  drawing  through  Fontana's  spaces  in 
direct  consequence  of  the  stretching  of  the  iris  plays  an 
important  role."  Personall}^  I  think  that  the  filtration  bleb, 
properly  protected  with  the  largest  amount  of  conjunctival 
tissue,  is  the  important  part. 

Since  I  made  my  report  of  1913  several  reports  of  cases 
have  appeared.  Dr.  Dunbar  Roy,  of  Atlanta,  Ga.,  has  re- 
ported several  cases.  Dr.  Stieren,  of  Pittsburgh,  Pa., 
reported  eight  cases,  with  good  results.  Two  of  my  colleagues 
in  Worcester  have  done  this  operation,  one  eight  cases,  and 
one  three  cases,  all  with  good  results. 

I  have  not  tried  Borthen's  recent  modification,  ■  as  his 
original  operation  has  done  so  well.  I  have  done  23  opera- 
tions in  all.  Every  one  of  them  so  far  has  been  successful. 
On  May  15th  I  saw  the  first  two  cases  that  I  operated  on, 
and  they  both  had  held  the  vision  that  they  obtained  after 
the  operation,  and  also  their  fields  and  tension, 

I  report  the  following  cases  that  are  typical  of  all  I  have 
so  far  operated  on: 

Case  1. — Mr.  A.  P.,  aged  sixty-five  years.  March  8,  1916, 
came  to  me  complaining  of  severe  headaches  and  failing 
vision.  He  had  been  under  treatment  for  his  failing  vision 
for  nearly  a  year.  V.  O.  D.=  15/100;  cyl.  +  l  D.  ax.  70°  = 
15/50,  T.  30  mm.;  0.  S.=  15/40(?);  sph.  +  l  D.=  15/20,  T. 
57  mm.  The  nerves  were  excavated,  especially  in  the  right 
eye.  He  was  put  on  1  per  cent,  pilocarpin.  April  14th: 
V.O.D.=  15/50,  T.  30  mm.;  0.  S.=  15/30,  T.  40  mm. 
September  5th:  V.  O.  D.=  15/50,  T.  30  mm.;  0.  S.=  15/20, 
T.  40  mm.  January  26,  1917:  V.  O.  D.=  15/50,  T.  60  mm..; 
O.  S.=  15/20,  T.  35  mm.  February  3d:  V.  O.  D.=  15/40, 
T.  40  mm.;   O.  S.=  15/20,  T.  30  mm.  (Fig.  1). 

February  5th:  As  the  field  was  contracting  in  the  right 
eye  I  did  iridotasis.  February  21st:  V.  0.  D.=  15/40,  T. 
22  mm.;  O.  S.=  15/20,  T.  25  mm.  May  17th:  V.  0.  D.= 
15/40,  T.  22  mm.;  O.  S.  15/20,  T.  25  mm. 
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Case  2. — Mr.  J.  H.  F.,  aged  sixty-one  years.  March  19, 
1917,  referred  to  me  by  Dr.  John  Cahill.  Seen  by  him 
November  11,  191G,  complaining  of  failing  vision.     Vision 


Fig.  1.— Solid  liiip,  field  Jaiuuiry  26,  1917;   dotted  line,  field  April  4,  1917. 


Fig.  2.— R.  E.:  Solid  line,  field  March  23,  1917;  dotted  line,  field  May  4,  1917. 
L.  E.:   Solid  line,  field  April  17,  1917;   dotted  line,  field  May,  1917. 

at  that  time  was,  with  correcting  glasses,  O.  D.  15/200, 
O.  S.  15/50.  Was  given  pilocarpin,  but  as  no  improvement 
followed,  was  referred  to  me.    March  23d:   Field  in  left  eye 
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as  shown  in  Fig.  2.  March  26th:  I  did  iridotasis  on  right 
eve.  April  3d:  O.  D.,  T.  25  mm.;  O.  S.,  T.  25  mm.  April 
ihh:  V.O.D.=  15/100(?);  0.  S.,  sph. +0.50  D.  Ccyl. +  1.50 
D.  ax.  180°=  15/50.  March  21st:  Field  of  left  eye  more 
contracted.  T.  34  mm.  April  23d :  Did  iridotasis  on  left  eye. 
May  4th:  V.  0.  D.,  sph.+0.75  D.=  15/100,  T.  25  mm.; 
O.  S.,  cyl.  +  1.50  D.  ax.  180°=  15/50,  T.  25  mm.  May  18th: 
Vision  in  left  eye  is  15/70,  T.  30  mm.  Not  a  good  bleb. 
May  21st:  V.  O.  S.=  15/50.  Still  no  good  bleb.  T.  25  mm. 
May  25th:  O.  S.,  vision  is  15/50  with  glass.  Small  bleb 
beginning  to  show.     T.  24  mm. 

Case  3. — Operated  in  Boston  before  the  American  Surgi- 
cal Society:  "Case  31.  No.  4254.  Age  sixty-seven  years, 
male.  Simple  glaucoma  left  eye,  tension  70  mm.  Operation 
October  27th,  cocain.  Dr.  Harrower.  Iridotasis.  No  com- 
plications. Discharged  October  31st  improved.  End- 
results:  Eye  white  and  quiet;  tension  10  mm.;  filtration 
scar."  Six  months  afterward  the  improved  condition  still 
remained. 


LATE  INFECTION  FOLLOWING  AN  OPERATION  OF 
IRIDOTASIS  FOR  CHRONIC  GLAUCOMA.  ENU- 
CLEATION. 

DUNBAR   ROY,    M.D., 

Atlanta,  Georgia. 

The  question  of  late  infection  following  the  trephine  opera- 
tion for  glaucoma  has  been  quite  prominent  during  the  last 
few  years,  and  a  number  of  such  cases  have  been  reported  by 
different  observers.  WTiile  the  number  of  operators  and  the 
number  of  such  operations  have  been  far  in  excess  of  those 
performed  according  to  the  technic  of  iridotasis,  yet  up  to  the 
present  there  has  been  no  case  reported  of  late  infection 
following  iridotasis,  making  the  present  report  the  first  case 
on  record. 

This  case  has  already  been  mentioned  by  me  in  the  series 
of  nine  cases  operated  upon  by  the  technic  of  iridotasis,  and 
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which  were  reported  in  the  Ophthalmic  Record  for  last  year. 
The  history  is  as  follows: 

Mrs.  W.  T.  R.,  aged  forty-nine  years,  consulted  the  writer 
on  March  7,  1912.  According  to  the  patient  she  had  always 
had  some  degree  of  weakness  of  her  eyes,  but  about  six 
weeks  previously  she  began  to  have  some  dinmess  of  vision, 
slight  i)ain,  and  halos  around  the  lights  at  night.  The  right 
eye  is  especially  weak  and  irritable.  V.  R.  E.=  20/100; 
with  myopic  correction=  20/70;  L.  E.  =  20/50;  with  myopic 
correct  ion  =20/20. 

The  right  eye  showed  some  increase  in  the  intraocular 
tension.  Pupil  slightly  dilated,  iris  bombe.  Media  clear 
and  no  cupping  of  the  disc.  Slight  congestion  and  neuralgic 
pains.  The  left  eye  showed  normal  tension,  fundus  clear 
and  no  cupping.  Correction  with  glasses  was  prescribed, 
and  a  weak  solution  of  eserin  ordered  to  be  used  three  times 
daily  in  right  eye.  Letters  from  the  patient  indicated  that 
she  was  more  comfortable  and  was  feeling  well  satisfied  with 
her  condition.  On  July  1,  1912,  patient  wrote  that  her  vision 
in  the  right  eye  had  become  worse,  and  that  there  was  much 
more  pain.  On  July  7th  she  came  to  the  city  and  the  writer 
operated  the  same  day  on  the  right  eye  under  cocain  anes- 
thesia by  the  method  of  iridotasis.  No  difficulty  was  ex- 
perienced and  all  symptoms  relieved.  No  suture  was  made 
in  the  conjunctival  flap,  which  the  writer  now  believes  was  a 
serious  mistake,  this  being  the  second  case  he  had  operated 
upon  by  this  method.  Since  then  sutures  have  been  used 
in  every  case.  The  patient  returned  home  on  the  fifth  day 
and  experienced  no  further  trouble.         • 

On  July  24th,  thirteen  days  after  the  operatioli,  patient 
returned.  The  iris  and  conjunctival  bleb  seemed  in  good 
condition  and  vision  had  improved  to  20/70  with  correction, 
and  free  from  all  discomfort.  Tension  was  apparently 
normal. 

The  patient  did  not  find  it  necessary  to  consult  me  until 
one  year  later.  In  June,  1913,  the  left  eye  was  seized  with 
the  same  acute  glaucomatous  symptoms  as  the  right,  which 
necessitated  an  immediate  operation.  This  also  was  per- 
formed under  local  anesthesia,  and  the  operation  of  iridota- 
sis was  used.     In  this  case  a  suture  was  placed  in  the  con- 
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junctival  flap.  The  healing  was  uneventful  and  all  symp- 
toms relieved.  Vision  two  months  after  operation  with 
correction  was  20/30. 

The  patient  remained  perfectly  comfortable  and  her 
vision  in  both  eyes  with  correction  was  in  no  wise  diminished 
for  a  period  of  almost  five  years. 

On  January  15,  1917,  almost  five  years  after  the  original 
operation,  following  a  severe  cold,  the  patient  began  to  have 
pain  and  irritation  in  the  right  eye.  This  continued  to  grow 
worse.  On  Januar}^  22d,  one  week  later,  she  again  con- 
sulted me.  The  history  showed  that  the  patient  had  been 
thoroughly  comfortable  up  to  one  week  ago.  There  was 
absolutely  no  history  of  traumatism. 

Examination. — Patient  was  suffering  considerable  pain. 
The  lids,  upper  and  lower,  were  .swollen  and  edematous, 
giving  the  patient  almost  the  appearance  of  an  orbital  cellu- 
litis. The  bulbar  conjunctiva  was  chemotic,  the  cornea 
hazy,  and  considerable  protrusion  of  the  iris.  Pus  was 
noted  in  the  anterior  chamber.  The  eye  showed  a  typical 
picture  of  panophthalmitis. 

The  left  eye  was  in  no  way  affected,  and  the  previous 
operative  results  were  all  that  could  be  desired.  Under  a 
general  anesthetic  the  right  eye  was  immediately  removed. 
The  only  accident  was  the  escape  of  the  fluid  contents  of  the 
eyeball  through  the  original  operative  incision  and  the  pro- 
truding iris.  Healing  was  uneventful.  The  left  e^^e  still 
remains  good.  The  collapsed  eyeball  was  immediately  sent 
to  Dr.  F.  H.  Verhoeff,  in  Boston,  who  examined  the  specimen 
and  sent  the  following  report : 

.  The  globe  is  partly  collapsed,  owing  to  the  large  perfora- 
tion in  the  sclera  near  the  equator,  made,  evidently,  during 
the  removal  of  the  eye,  and  as  a  consequence  the  retina 
is  partly  separated.  The  bleb  resulting  from  the  iridotasis 
is  filled  with  pus  and  the  iris  tissue  within  it  is  disorgan- 
ized. The  corneosclera  shows  a  clean-cut  patent  open- 
ing into  the  bleb.  The  lens  is  not  injured  and  is  not  incar- 
cerated in  the  opening.  On  the  opposite  side  the  filtration 
angle  is  blocked  by  the  root  of  the  iris.  The  anterior  cham- 
ber is  filled  chiefly  with  fibrinous  coagulum.  The  pus  in 
the  bleb  continues  through  the  fistula  into  a  mass  of  pus 
which  completely  fills  the  vitreous  chamber.     The  ciliary 
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body  and  retina  are  giving  rise  to  an  abundant  exudation  of 
pus-cells.  The  choroid  is  markedly  infiltrated  with  lym- 
phoid cells,  but  shows  practically  no  pus-cells.  The  ( ^ram  stain 
shows  an  abundance  of  pneumococci  in  the  pus  throughout 
the  vitreous  chamber.  On  the  ciliary  body  below  there  is  a 
small  mass  of  fibrous  tissue  pervaded  by  proliferated  pig- 
ment epithelium,  evidently  the  result  of  an  old  localized 
cyclitis.  At  the  equator  the  lamina  vitreous  of  the  choroid 
shows  an  unusually  a})undant  formation  of  colloid  excres- 
cences. Diagnosis:  Iridotasis  with  late  infection  with  pneu- 
mococci.    Advanced  purulent  endophthalmitis. 

The  fact  that  the  case  was  one  of  late  infection  following 
the  operation  of  iridotasis  will  in  no  wise  deter  me  from  con- 
tinuing to  use  this  operation  as  the  one  of  choice  in  acute  and 
chronic  glaucoma.  There  were  two  factors  which  contribute 
to  this  untimely  accident  and  which  would  have  to  be  con- 
sidered in  any  operation  for  glaucoma. 

In  the  first  place,  the  right  eye  show^ed  some  slow  choroidal 
changes  at  the  original  examination,  which  was  also  mani- 
fested by  the  myopic  refraction.  This  evidently  was  pro- 
gressing and  produced  a  decided  thinning  of  the  tunics  of  the 
eyeball.  Hence  the  inability  of  these  structures  to  with- 
stand this  increased  intraocular  pressure,  and  thus  giving 
away  at  the  point  of  operative  incision.  This  was  mani- 
fested by  the  large  amount  of  protruded  iris  found  at  the 
time  of  enucleation. 

In  the  second  place,  the  failure  to  replace  the  conjunctival 
flap  with  a  retention  suture  was  a  mistake,  as  the  protruding 
iris  should  be  well  protected  by  the  conjunctiva.  In  addi- 
tion, too  large  an  incision  was  made  at  the  sclerocorneal 
margin,  with  a  consequent  too  large  a  piece  of  iris  pulled 
into  this  wound  at  the  time  of  original  operation.  Since 
then  the  writer  makes  a  very  small  incision  which  allows 
only  a  small  piece  of  iris  to  be  pulled  up,  and  therefore  much 
more  securely  anchored  in  the  wound. 
9 
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DISCUSSION  OF  PAPERS  OF  DRS.  HARROWER  AND  ROY. 

Dr.  Arnold  Knapp,  New  York:  During  the  past  year 
about  22  operations  of  iridotasis  were  performed  at  the 
Herman  Knapp  Memorial  Eye  Hospital,  and,  while  the 
tension  was  reduced  for  a  number  of  weeks,  in  only  6  of  the 
22  were  we  able  to  obtain  a  permanent  reduction.  It  seems 
to  me  that  this  difference  of  results  from  those  given  by  Dr. 
Harrower  is  due  to  two  causes:  First,  the  material  selected 
was  not  the  same;  and,  second,  an  error  in  technic  on  our 
part.  In  our  list  the  most  difficult  cases  were  selected — 
cases  that  had  resisted  other  operations  and  cases  that  pre- 
sented the  worst  forms  of  glaucoma.  The  operation  is 
simple;  there  are  a  few  points  in  technic  which  are  not  quite 
clear.  If  the  iris  is  not  grasped  at  the  pupillary  margin  and 
is  not  drawn  out  far  enough,  it  will  have  a  tendency  to  form 
a  valve  and  close  off  the  anterior  chamber.  To  avoid  this 
we  have  made  an  incision  into  the  iris  tissue.  If  the  iris  is 
pulled  out  sufficiently  to  see  the  uveal  pigment  on  the  pos- 
terior side,  it  should  not  tend  to  return  into  the  anterior 
chamber.  I  should  like  to  ask  Dr.  Harrower  whether  it  is 
necessary  to  split  the  iris. 

Dr.  W.  H.  Wilder,  Chicago,  111. :  I  have  always  been  very 
skeptical  about  this  operation,  and  every  time  I  perform  it 
I  do  so  with  some  misgiving.  Yet  I  must  say  that  I  have 
never  done  an  operation  for  glaucoma  in  which  the  reaction 
was  less,  the  healing  more  prompt,  and  the  results  obtained 
more  gratifying  than  with  iridotasis,  with  the  exception  of 
one  case  which  I  shall  mention.  This  may  indicate  that  I 
am  not  yet  fully  acquainted  with  the  technic  or  that  the 
operation  is  not  suitable  for  acute  cases.  It  was  a  case  of 
acute  glaucoma,  occurring  in  the  left  eye,  after  I  had  done 
a  trephining  operation  for  the  same  condition  in  the  right. 
I  decided  to  do  an  iridotasis  on  the  left  eye.  The  operation 
was  done  easily  in  the  way  that  I  have  usually  performed  it, 
with  a  very  small  incision,  and  I  was  sure  that  in  draw- 
ing out  the  iris  I  saw  the  retinal  pigment.  The  result  was 
beautiful  for  three  or  four  days,  and  then  the  woman  had 
the  most  violent  attack  of  acute  glaucoma  that  I  have  ever 
witnessed.  I  may  say,  in  passing,  although  it  is  somewhat 
irrelevant  to  the  subject  in  hand,  that  the  tension  was  so 
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hifili  (over  70  mm.)  that  we  did  not  dare  to  open  the  eye  again 
for  an  iridectomy  without  making  attempts  at  reduction  of 
the  tension.  This  was  accomphshed  by  intravenous  injec- 
tions of  ghicose,  lasting  one  hour,  according  to  a  method  pul)- 
hsiu'd  1)}'  Woodyatt  and  some  of  his  co-woi'kers,  hy  means  of 
which  the  tension  was  lowered  to  20  mm.  Then  an  iridec- 
tomy was  made.  If  you  have  occasion  to  do  an  iridectomy 
after  an  iridotasis,  you  will  wish  that  you  had  not  done  the 
iridotasis  first,  for  it  is  likely  to  make  a  \Try  ugly  wound. 
The  result  of  the  iridectomy  gave  the  woman  20/ 100  vision. 
I  cannot  explain  the  result  that  occurred  after  the  first 
operation. 

In  a  case  of  absolute  glaucoma  in  a  woman  of  seventy  who 
was  horrified  at  the  thought  of  losing  her  eye  I  resolved, 
before  doing  the  enucleation,  to  try  the  operation  of  irido- 
tasis. This  was  done  in  the  usual  way,  but  within  twenty- 
four  hours  the  iris  had  slipped  back  partly  into  th(^  anterior 
chamber,  probably  because  the  incision,  although  small, 
was  too  large  for  such  a  thin  cornea.  I  never  saw  a  more 
beautiful  result.  The  congestion  of  the  eye  disappeared,  she 
has  had  no  pain  in  it  since,  and  the  tension  has  remained 
normal  up  to  date  in  spite  of  the  fact  that  the  iris  slipped 
partly  back.  There  must  still  be  some  incarceration  of  the 
iris,  I  think,  which  brings  about  the  desired  result.  I  believe 
that  the  good  result  comes  in  these  cases  not  so  much  from 
the  stretching  of  the  iris,  and  therefore  the  deepening  of  the 
filtration  angle,  as  from  the  fact  that  we  get  a  sinus  which 
drains  the  fluid  into  the  subconjunctival  tissue. 

Dr.  C  F.  Clark,  Columbus,  Ohio:  I  should  like  to  know 
what  Dr.  Harrower's  experience  has  been  in  case  of  friable 
iris. 

Dr.  G.  Oram  RinCx,  Philadelphia:  I  wish  that  Dr. 
Harrower  would  tell  us  the  advantages  of  the  later  modifi- 
cation of  this  operation  by  Borthen. 

Dr.  David  Harrower:  With  regard  to  Dr.  Clark's 
question,  I  think  that  in  the  second  case,  in  m,y  previous  re- 
port of  cases,  recorded  in  the  Transactions,  the  trouble  was 
due  to  friable  iris.  I  tried  several  times  to  pull  the  iris  out, 
and  it  kept  breaking  off.     In  that  case  I  found  a  little  piece 
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of  iris  that  was  possibly  in  good  condition,  and.  two  or  three 
days  afterward,  when  the  tension  began  to  rise.  I  did  an 
iridota.«<is  at  this  ]3oint  and  pulled  this  piece  out  into  the 
wound  without  breaking.  The  man  was  bhnd  in  that  eye. 
but  he  recovered  with  a  quiet  eye.  Six  months  aftei'ward 
the  eye  was  still  comfortable.     I  have  not  seen  him  since. 

With  regard  to  Dr.  Knapp's  ciuestion.  I  would  say  that 
the  material  selected  by  us  was  much  better  than  his.  We 
do  not  get  any  of  the  poor  people  that  I  see  when  I  go  to  the 
Xew  York  clinic,  and  I  think  that  this  may  have  a  decided 
bearing  on  the  result  that  is  obtained,  not  only  in  this  opera- 
tion, but  in  others. 

The  iris  should  be  grasped  as  near  the  margin  of  the 
pupil  as  possible,  and  should  be  pulled  into  the  wound  far 
enough  to  make  it  sure  that  you  are  going  to  have  enough  to 
hold.  I  would  rather  have  a  large  than  a  small  piece.  Only 
in  one  case  did  I  have  the  iris  slip  back,  but  I  got  it  again. 
The  reason  it  slipped  was  because  I  had  such  a  small  hold  on 
it  that  it  could  not  be  fastened  firmly. 

I  always  use  atropin  before  the  operations.  I  think  that 
is  important,  and  Borthen.  in  his  article,  lays  great  stress  on 
keeping  the  iris  as  quiet  as  possible. 

With  regard  to  Dr.  Wilder's  remark  about  the  bleb.  I 
would  say  that  I  think  that  the  entire  success  of  the  opera- 
tion depends  on  obtaining  a  good  filtration  bleb:  because, 
in  the  second  case  that  I  reported  in  this  paper,  with  im- 
provement and  stretching  of  the  his.  neither  the  vision  nor 
the  tension  improved  until  the  bleb  formed,  but  when  the 
bleb  appeared,  both  the  \'ision  and  the  tension  improved. 

I  do  not  know  what  the  special  advantage  of  Borthen's 
modification  of  his  original  u'idotasis  operation  is.  as  he  has 
had  such  good  results  from  his  older  method.  He  pulls  out 
the  iris  and  makes  a  small  buttonhole:  otherwise  the  opera- 
tion is  the  same  as  the  original  procedure.  ^Miat  the  ad- 
vantage in  the  buttonhole  is  I  do  not  know.  So  far  as  split- 
ting the  iris,  which  Dr.  Knapp  spoke  of.  is  concerned.  I  do 
not  know  what  good  result  that  would  have. 

Dr.  Dunbar  Roy:  I  should  like  to  say  a  word  about  the 
operation  with  reference  to  my  paper.  In  1914  I  wTOte  to 
Borthen,  and  received  in  reply  a  letter  in  which  he  expressed 
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the  idea  that  showed  he  did  not  then  stand  on  the  same  line 
as  Dr.  Wilder.  He  said  that  he  considered  that  all  the  re- 
sults were  due  to  stretching  the  iris  and  the  opening  of  the 
spaces  of  Fontana  and  not  to  filtration.  There  is  only  one 
class  of  cases  in  which  you  cannot  use  the  operation,  and  that 
is  old  glaucoma,  in  which  the  iris  is  thoroughly  atrophic  and 
degenerated,  so  that  you  cannot  get  the  iris  out  except  piece- 
meal; ))ut  you  cannot  use  any  other,  so  you  probal)ly  do  as 
nuich  with  iridotasis  as  with  any  other  procedure. 

There  were  two  mistakes  made  by  me  in  these  operations. 
If  they  had  been  correctly  done,  probably  the  bad  subse- 
quent result  would  not  have  occurred  in  this  case.  That  is, 
a  suture  should  be  used.  I  did  not  use  it,  at  first,  but  I 
think  that  it  is  better  to  use  the  suture  at  the  center  of  the 
conjunctival  flap  because  it  gives  a  good  firm  attachment  of 
the  conjunctiva  where  the  iris  has  been  pulled  out  and  ren- 
ders it  less  open  to  infection.  The  other  mistake  was  in 
making  too  wide  an  incision  before  putting  in  the  iris  for- 
ceps. If  this  is  done,  you  are  apt  to  get  too  much  iris,  and 
that  will  allow  it  to  drop  back  into  the  anterior  chamber. 
I  make  the  incision  just  large  enough  to  get  a  small  pair  of 
iridectoni}'  forceps  in  and  open  them  sufficiently  to  catch  the 
iris  at  the  pupillary  margin.  I  use  the  operation  in  both 
acute  and  chronic  cases.  Dr.  Harrower  spoke  of  using  it 
only  in  those  which  are  chronic.  I  have  employed  it  in  the 
acute  with  better  results  than  were  obtained  from  any  other 
operation.  In  one  case,  a  few  days  ago,  the  patient  went 
back  home  in  four  days,  and  in  all  the  cases  operated  upon 
the  relief  from  pain,  reduction  of  tension,  and  increase  of  vision 
were  marked.  The  results  have  been  entirely  satisfactory, 
except  in  the  case  of  secondary  infection  which  I  have  re- 
ported. 


GLAUCOMA   AS   A   RESULT   OF   HERPES   ZOSTER 
FRONTALIS,  WITH  REPORT  OF  CASES. 

JOHN    E,    WEEKS,    M.D., 

New  York. 

As  is  well  known,  herpes  zoster,  wherever  it  may  appear,  is 
due  to  a  pathologic  condition  of  the  branch,  branches,  trunk, 
or  root-ganglion  of  the  sensory  nerve,  either  cranial  or  spinal, 
which  supplies  the  affected  area.  Since  the  sensor}^  nerve 
supply  to  the  eyeball  is  almost,  if  not  quite,  wholly  derived 
from  the  nasal  branch  of  the  supraorbital  division  of  the 
trigeminal  nerve,  it  follows  that  we  may  expect  to  find  a 
manifestation  of  the  affection  of  this  branch  in  other  areas 
of  its  distribution,  namely,  on  the  skin  of  the  nose  beyond 
the  emergence  of  the  terminal  branch,  between  the  lower 
border  of  the  nasal  bone  and  the  cartilage,  in  all  cases  in 
which  the  eyeball  is  affected,  and  observation  has  proved  this 
to  be  so  in  the  large  majority  of  cases  observed.  The  sen- 
sory nerve  supply  to  the  eye  is  by  way  of  the  short  ciliary 
nerves  from  the  ciliary  ganglion,  whose  sensory  root  springs 
from  the  nasal  branch  of  the  trigeminal  and  from  the  long- 
ciliary  nerves  also  derived  from  the  nasal  branch  of  the 
trigeminal.  The  various  manifestations  of  herpes  zoster  in 
the  eyeball  are  a  keratitis  and  an  anterior  uveitis  or  irido- 
cyclitis, at  times  mildly  involving  the  entire  choroid.  The 
report  of  the  cases  follows : 

Case  I. — J.  R,,  male,  aged  sixty-two  years.  At  the  re- 
quest of  Dr.  Coiman  W.  Cutler  I  saw  the  patient  in  con- 
sultation on  March  20,  1910.  Five  weeks  previousl}'  an 
attack  of  herpes  zoster  frontalis  began  on  the  left  side.  The 
patient  had  suffered  much  pain  and  now  presents  many  deep 
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scars  in  the  skin  of  the  forehead  and  })ridg;e  of  nose,  extend- 
ing over  part  of  the  area  supplied  by  the  nasofrontal  branch 
of  the  trigeminus.  The  patient  was  still  suffering  some  pain 
throughout  \\w  affected  area. 

TIk^  corneal  epithelium  was  roughened  over  the  central 
portion  particularly,  and  the  cornea  was  hazy  throughout 
this  area  from  infiltration  of  small  cells.  Iris  congested. 
Anterior  chamber  about  two-thirds  normal  depth.  Pupils 
of  moderate  size,  responding  very  sluggishly  and  but  little 
to  the  stimulus  of  light.  Tension  +/4-  The  use  of  pilo- 
carpin  and  hot  bathing  were  agreed  upon  as  local  measures. 
Efforts  were  being  made  to  improve  the  patient's  general 
condition.  March  24,  1910,  Dr.  Cutler  found  the  tension  of 
the  left  eye  to  be  still  increased. 

The  condition  of  the  cornea  improved  very  slowly.  The 
tension  fluctuated  somewhat,  but  remained  generally  high. 
Iridectomy  was  advised,  and  on  April  20th,  at  the  recjuest  of 
Dr.  Cutler,  I  admitted  the  patient  to  the  New  York  Eye  and 
Ear  Infirmary  for  the  purpose  of  operating.  V.  L.  E.= 
counting  fingers  at  12  feet.  Field  of  vision  slightly  con- 
tracted (50°)  nasally;  color-fields  considerably  contracted. 
Cornea,  central  portion  hazy;  surface  slightly  roughened. 
Very  slight  congestion  of  ocular  conjunctiva.     Tension-}-. 

April  21,  1910,  iridectomy  under  ether  anesthesia.  A 
large  coloboma  was  obtained.  Healing  uneventful.  The 
tension  became  normal  and  remained  so. 

July  31,  1911,  tension  left  eye  normal.  Vision  with  the 
correction  of  the  error  of  refraction  20/70.  There  is  still 
some  haziness  of  the  cornea.  No  cupping  of  the  optic  disc. 
Fundus  normal.  The  right  eye  does  not  show  any  evidence 
of  glaucoma;  field  normal  for  form  and  color.  V.  with  cor- 
rection =  20/20. 

Case  II. — Male,  aged  forty-nine  years,  South  Orange, 
N.J.  At  the  request  of  the  patient  I  met  Dr.  T.  Y.  Sutphen 
in  consultation  at  the  patient's  residence  on  December  6, 
1915.  Dr.  Sutphen  has  kindly  permitted  me  to  make  a  short 
report  of  the  case  here. 

A  moderately  severe  attack  of  herpes  zoster  frontalis  be- 
gan on  the  left  side  about  November  12,  1915,  confining  the 
patient  to  the  house,  the  nasofrontal  branch  being  involved. 
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On  November  26th  the  patient  began  to  notice  obscuration 
of  vision  which  occurred  in  the  morning,  but  would  largely 
disappear  in  the  afternoon.  The  obscuration  increased  from 
day  to  day,  accompanied  by  moderate  pain  referred  to  the 
peri-orbital  region.  The  patient  was  seen  bv  Dr.  Sutphen 
November  30th.  V.  L.  E.  with  sph.  +  1.25=  20/ 100;  R.  E. 
with  sph.-h  1.25=  20/20  +  .  Patient  advised  to  remain  in 
bed.  Salicylates  internally  and  eserin  locally.  On  Decem- 
ber 6th,  when  seen  by  me,  the  cornea  was  slightly  steamy. 
V.=  10  200.  Fields  slightly  contracted  nasally.  Pupil 
moderately  dilated  and  oval.  Tension  by  tonometer,  40  mm. 
Anterior  chamber  more  shallow  than  in  the  fellow  eye.  Disc 
not  cupped.  Right  eye  apparently  normal.  Tonometer 
T.  13  mm. 

In  view  of  the  steady  increase  in  the  glaucomatous  symp- 
toms operation  was  agreed  upon  and  the  Lagrange  method 
was  recommended.  Recently  Dr.  Sutphen  kindly  furnished 
the  following  notes: 

"I  made  a  Lagrange  upon  that  eye  December  7,  1915. 
There  was  no  accident.  Tension  was  at  once  reduced  and 
remained  so.  He  left  the  hospital  in  about  ten  days.  I 
have  mislaid  the  later  notes,  but  remember  that  his  vision  in 
the  left  eye  was,  as  he  said,  as  good  as  ever.  Two  weeks 
after  leaving  the  hospital  he  went  south,  after  telephoning  me 
that  he  was  all  right,  and  I  have  heard  nothing  from  him  for 
more  than  a  year." 

Case  IIL — W.  G.,  male,  aged  sixty-five  years,  came  to  the 
New  York  Eye  and  Ear  Infirmary  September  26,  1916,  with 
acute  glaucoma  in  the  left  eye.  On  September  20th  the 
forehead  and  temple  on  the  left  side  became  hyperemic  and 
painful.  Vesicles  appeared  on  September  22d,  and  the  case 
went  on  to  the  development  of  a  typical  herpes  zoster  fron- 
talis, with  involvement  of  the  nasal  branch  of  the  first  division 
(supraorbital)  of  the  trigeminal.  On  September  23d  the 
left  eye  became  slightly  painful,  and  on  September  26th  the 
patient  came  to  the  Infirmary. 

Status  prcBsens. — Left  eye,  lids  normal.  Ocular  conjunc- 
tiva congested  and  slightly  thickened.  Cornea  uniformly 
hazy.  Pupil  very  slightly  dilated.  Some  minute  fibrinous 
deposits  on  Descemet's  membrane  in  the  lower  part  of  the 
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cornea.  Anterior  chamber  moderately  deep.  V.=  20/100. 
Tension  43  mm.  Diagnosis,  acute  glaucoma.  Treatment, 
eserin  solution,  one-third  per  cent.,  three  times  daily. 

Right  eye,  tension  19  mm.  V.  =  20/30  — ,  No  evidence  of 
glaucoma.  Patient  was  ordered  a  cathartic  at  night,  fol- 
lowed by  a  saline  in  the  morning.  September  28th:  Pa- 
tient admitted  to  the  Infirmary.  Tension  left  eye  47  mm. 
V.=  2/200.  As  the  miotic  did  not  reduce  tension  and  vision 
became  much  reduced,  a  Lagrange  operation  was  performed. 
Healing  progressed  favorably. 

October  IGth:  Eye  quiet.  Tension  R.  E.,  12  mm.;  V.= 
20/30  +  .  Tension  L.  E.,  10  mm.;  V.=  20/40-.  October 
29th:  R.  E.,  tension  18  mm.;  V.=  20/30-;  L.  E.,  13  mm.; 
V.=  20/40  +  .  There  has  been  no  herpes  of  the  left  cornea 
at  any  time. 

A  number  of  writers  mention  the  fact  that  increase  in 
tension  sometimes  accompanies  herpes  zoster  frontalis. 
Elschnig*  calls  attention  to  the  possibility  of  the  develop- 
ment of  glaucoma  in  herpes  zoster  frontalis. 

Erdmann,t  in  reporting  three  cases  of  increased  tension 
(secondary  glaucoma)  occurring  in  connection  with  disci- 
form keratitis,  mentions  the  increase  of  tension  in  some  cases 
of  herpes  zoster  ophthalmicus,  and  endeavors  to  find  an 
analogue  between  the  affections  of  the  cornea  due  to  disci- 
form keratitis  and  herpes  zoster. 

Bubois,!  in  the  proceedings  of  the  Holland  Ophthalmo- 
logical  Society,  December  17,  1911,  reported  a  case  of  acute 
glaucoma  occurring  in  a  typical  case  of  herpes  zoster  front- 
alis. Fearing  complications,  operation  was  delayed,  but 
fourteen  days  later,  as  the  pain  and  high  tension  were  not 
relieved  by  miotics,  an  iridectomy  was  performed.  The 
healing  was  uneventful.  V.=  0.  A  glaucomatous  cupping 
of  the  disc  was  present.  In  the  discussion  that  followed 
Romunde  was  of  the  opinion  that  because  of  the  presence  of 

*  Axenfcld:  Diseases  of  the  Eye,  p.  375. 

t  Zeitschr.  f.  Augenheilk.,  1909,  p.  30. 

X  Klin.  Monatsbl.  f.  Augenheilk.,  1912,  p.  601. 
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a  glaucomatous  excavation  the  case  was  one  of  simple  chronic 
glaucoma  on  which  an  acute  attack  was  grafted.  Nicolai 
mentioned  the  possibility  of  bringing  on  an  acute  attack  in  a 
simple  chronic  glaucoma  by  the  irritation  occasioned  by  a 
herpes  zoster,  and  stated  that  a  direct  relation  between 
herpes  zoster  frontalis  and  glaucoma  was  not  recognized. 
He  also  said  that  iridectomy  should  have  been  performed  at 
once. 

Dr.  Page*  mentions  two  cases  of  increased  tension:  Case 
1,  male,  aged  sixty-four  years,  herpes  zoster  frontalis,  left. 
On  the  tenth  day  there  was  mild  iridocyclitis  with  increase 
of  tension.  (No  mention  of  invasion  of  the  nasofrontal 
branch  or  of  the  subsequent  course  of  the  increase  of  tension 
was  made.) 

Case  2,  male,  aged  seventy-five  years.  Herpes  zoster 
frontalis,  right,  without  involvement  of  the  nasofrontal 
branch.  At  the  end  of  three  weeks  serous  iritis  right,  with 
slight  increase  in  tension.  Aqueous  humor  cloudy,  eye  much 
inflamed  and  painful.  Cupping  after  scarification  and  pilo- 
carpin  were  resorted  to.  The  eye  did  not  recover.  No 
operative  procedure  is  reported. 

Dr.  F.  Verderamef  reports  the  following  case: 

February  12,  1913:  Female,  aged  fifty-four  years.  Herpes 
zoster  frontalis  left,  with  involvement  of  the  nasofrontal 
branch  of  about  four  weeks'  duration.  When  seen,  the  left 
ocular  conjunctiva  was  slightly  congested;  some  deposits  of 
fibrin  on  the  posterior  surface  of  the  cornea.  Vitreous  body 
slightly  hazy.  V.=  6/10.  Tension  by  tonometer  25-26. 
R.  E.  normal  tension.  Prescribed  hot  compresses  and  as- 
pirin. February  22d:  Supraorbital  pain  left.  Injection 
was  marked.  Globe  a  little  sensitive.  Tension  25  mm. 
Deposits  on  Descemet's  membrane  were  numerous.  Pupil 
circular.  Advised  continuation  of  treatment.  March  21st: 
Patient  suffers  from  an  exacerbation  of  the  inflammation  of 
the  eye.  Eye  painful.  Cornea  hazy,  but  the  surface  is  not 
stained  by  fluorescein.  Tension  25-26  (right  eye,  tension 
19).     April   1st:    The  condition  of  the  eye  is  improving. 

*  Rec.  d.  Opht.,  1904,  p.  209.  t  Annali  di  Ottal.,  1913,  p.  772. 
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April  5th :  Tension  left  eye  28  mm.  F'rom  this  time  on  the 
condition  of  the  left  eye  continued  to  improve  until,  on  De- 
cember 2,  1913,  when  the  tension  was  19  mm.  and  the  in- 
terior of  the  eye  approached  the  normal. 

Etiology. — It  is  now  a  well-known  fact,  established  by  the 
research  work  of  Dr.  Uribe  Y.  Troncoso,*  Stanculeanu,t 
and  others  that  the  character  of  the  aqueous  humor  changes 
in  all  cases  of  congestion  or  inflammation  of  the  uveal  tract 
from  whatever  cause,  and  in  some  cases  of  inflammation  or 
injury  to  cornea  and  sclera.  Troncoso  found  an  increase  in 
albumin  and  the  acquirement  of  substances  preventing  the 
free  passage  of  aqueous  into  the  channels  of  egress. 

Stanculeanu  found  increase  of  both  organic  and  inorganic 
matter  in  the  aqueous  in  glaucoma,  especially  of  the  acute 
type;  also  in  iritis,  parenchymatous  keratitis,  in  other  in- 
flamed conditions  of  the  eye,  and  after  some  subconjunctival 
injections.  In  a  case  of  glaucoma  secondary  to  a  tubercular 
uveitis  the  writer  obtained  a  decidedly  positive  test  for 
globulin  in  the  aqueous.  Since  the  cases  reported  occurred 
in  elderly  individuals  in  whom  the  anterior  chambers  were 
approximately  two-thirds  of  the  normal  depth,  it  is  prob- 
able that  the  lymph-spaces  at  the  filtration  angle  were  none 
too  large  to  permit  of  the  filtration  to  take  care  of  the  normal 
outflow  under  normal  conditions,  although  there  had  been 
no  previous  increase  of  tension  in  either  eye  of  any  of  the 
patients.  When,  in  addition  to  this  condition  of  the  lymph- 
channels,  the  aqueous  has  added  to  it  albuminoids,  globulin, 
and  possibly  colloid  substances,  rendering  it  less  diffusible 
or  less  able  to  pass  through  animal  membranes,  it  is  apparent 
that  increase  of  tension  could  readily  follow  and  persist  to 
an  extent  rendering  operation  necessar}-.  It  is  the  writer's 
opinion  that  the  determination  of  high  intraocular  tension  in 
the  reported  cases  was  directly  due  to  the  changes  in  the 
aqueous  humor  of  the  nature  mentioned  above. 

*  Archiv.  d'Opht.,  xxx,  pp.  9-151.         f  Ophthalmoscope,  vol.  xiii,  p.  263. 
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The  three  cases  reported  were  all  cases  of  monocular 
glaucoma,  with  no  evidence  of  glaucoma  in  the  fellow-eye. 
The  first  case  was  one  of  congestive  glaucoma  of  the  sub- 
acute type,  complicated  by  herpes  cornese;  the  second  case, 
one  of  intermittent  congestive  glaucoma  of  moderate  sever- 
ity; and  the  last,  one  of  acute  glaucoma.  In  all,  the  nasal 
branch  of  the  fifth  nerve  was  involved.  Operation  was 
thought  desirable  in  all  the  cases  because  of  the  continued 
reduction  of  vision  and  of  the  persistence  of  other  symptoms. 

DISCUSSION. 

Dr.  T.  Y.  Sutphen,  Newark,  N.  J.:  Strange  as  it  may 
appear,  I  have  at  present  another  case  like  those  reported 
by  Dr.  Weeks.  Miss  C,  a  trained  nurse,  came  to  see  me 
on  Alay  11th  last  for  pain  in  and  above  the  left  eye  and  on 
the  left  side  of  the  head.  She  said  that  she  had  had  herpes 
on  that  side  of  the  face  for  two  weeks,  but  the  eruption  was 
slight.  As  the  eye  appeared  normal,  though  irritated,  the 
trouble  was  attributed  to  a  foreign  body  that  was  removed 
from  the  conjunctival  sac.  On  ]\Iay  21st  she  returned  and 
said  that  she  had  suddenly  lost  vision  in  that  eye,  which 
was  found  glaucomatous.  The  cornea  was  steamy,  the 
anterior  chamber  shallow,  and  tension  increased.  The  pa- 
tient was  treated  with  eserin  and  hot  compresses  locally  and 
sodium  salicylate  internally.  Two  days  later  she  could 
count  fingers  at  ten  feet.  On  May  24th  A^=  20/30;  the 
cornea  was  clear  except  the  nasal  quadrant,  which  presented 
a  rather  peculiar  gray-band  appearance.  The  pupil  was 
contracted,  but  the  tension  was  still  too  high.  As  the  pa- 
tient was  averse  to  an  operation,  treatment  was  continued. 
When  I  saw  her,  a  few  daj's  ago,  the  tension  was  normal. 
V.=  20/20,  with  sph.  +  l  D."^  The  eye,  however,  was  a  little 
red,  suggestive  of  iritis,  so  eserin  was  discontinued  arid 
pilocarpin  substituted. 


REPORT  OF  A  CASE  OF  PRIMARY  SARCOMA  OF 
THE  IRIS:  WITH  REMARKS. 

GEORGE    HUSTON   BELL,    M.D., 

New  York. 

Primary  sarcoma  of  the  iris  is  so  seldom  seen  or  reported 
that  I  thought  the  following  case  would  be  of  interest  to  the 
Society : 

The  patient,  a  man  aged  eighty  years,  came  to  the  New 
York  Eye  and  Ear  Infirmary  on  October  27,  1915,  complain- 
ing of  pain  in  his  left  eye  and  loss  of  vision.  He  gave  the 
following  history:  Has  been  a  great  smoker  all  his  life,  but 
has  not  used  alcohol.  Enjoyed  excellent  health  up  to  twelve 
years  ago,  when  he  had  a  paralytic  stroke ;  since  then  he  has 
had  poor  vision  in  his  left  eye.  Two  j^ears  ago  he  was  struck 
in  the  left  eye  with  a  Roman-candle  ball. 

On  examining  the  patient  I  found  that  there  was  a  dark 
nodular  mass  in  the  upper  nasal  quadrant  of  the  anterior 
chamber,  apparently  between  the  cornea  and  iris,  and  in- 
volving the  latter.  The  tumor  was  6  mm.  in  length  and 
3  mm.  in  breadth.  The  borders  were  sharply  defined,  and 
the  neighboring  iris  tissue  was  not  discolored  or  hazy.  There 
was  an  exudate  in  the  pupillary  area  corresponding  to  the 
measurements  of  a  smaller  mass,  shown  in  the  drawing  (Fig. 
1).  The  larger  growth  was  triangular  in  shape,  the  base  of 
the  triangle  being  upward  and  inward.  The  mass  filled  the 
angle  of  the  anterior  chamber  in  the  region  of  the  growth. 
The  tension  in  the  eye  was  52,  showing  that  he  had  second- 
ary glaucoma,  which  always  supervenes  in  the  second  stage 
of  the  disease.  The  vision  of  the  eye  was  hand  movements. 
A  clinical  diagnosis  was  made  at  that  time,  but  the  patient 
refused  to  enter  the  hospital. 

He  was  given  a  2  per  cent,  solution  of  pilocarpin  and  re- 
quested to  return  to  the  clinic.     He  was  next  seen  on  Novem- 
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ber  26th.  The  tumor  had  grown  1  mm.  in  all  directions. 
The  eye  was  more  painful  and  there  was  considerable  peri- 
corneal injection.  Transillumination  at  this  time  over  the 
ciliary  body  gave  no  shadow.  The  patient  still  refused  to 
enter  the  hospital,  but  came  to  the  clinic  occasionally.  Fi- 
nally, in  May,  1916,  the  tension  in  the  eye  got  up  to  90  mm., 
and  the  pain  was  so  great  that  he  consented  to  come  into  the 
hospital.  The  eye  was  enucleated  on  May  29,  1916,  under 
novocain  anesthesia,  on  account  of  the  patient  having  a  bad 
heart  and  his  advanced  years.     Healing  was  uneventful. 

His  right  eye  showed  some  arteriosclerotic  changes  in  the 
fundus,  but  he  still  had  a  vision  of  20/50  with  correction  and 
a  tension  of  20  mm.  The  iris  was  free  from  any  abnormal 
pigment  changes.  I  have  not  seen  the  patient  recently,  but 
the  last  time  he  was  at  the  clinic  he  was  enjoying  good  health 
for  a  man  of  his  years. 

Pathologic  Report. — The  following  is  the  report  of  Dr. 
George  S.  Dixon,  the  pathologist. 

In  the  case  of  Mr.  Antonio  A.,  the  left  eye  submitted  pre- 
sented a  dark  growth  occupying  nearly  the  whole  of  the 
upper  nasal  quadrant  of  the  anterior  chamber. 

Sections  through  the  growth  showed  that  the  lens  had  been 
dislocated  downward,  backward,  and  outward,  but  the  tumor 
had  not  invaded  the  vitreous  chamber  to  any  considerable 
degree;  it,  however,  had  attacked  the  head  of  the  ciliary 
body  and  also  the  ciliary  processes,  and  a  few  cells  had  en- 
tered the  canal  of  Schlemm,  having  penetrated  at  the  angle. 
Descemet's  membrane  was  otherwise  intact,  but  the  en- 
dothelial lining  had  disappeared. 

The  growth  was  a  melanosarcoma,  the  type  of  cell  being 
principally  spindle.  There  were  quite  a  number  of  oat- 
shaped  cells,  and  the  balance  were  round.  There  was  a  con- 
siderable amount  of  pigment,  but  it  was  not  excessive.  The 
original  iris  blood-vessels  were  present  in  the  growth  and 
were  in  some  places  widely  separated. 

There  was  pronounced  retinal  edema,  especially  in  the 
inner  layers.     The  choroid  was  atrophic. 

Diagnosis:   Primary  melanosarcoma  of  the  iris. 

Fuchs^  found  primary  sarcoma  of  iris  16  times  in  259  col- 
lected cases  of  sarcoma  of  uveal  tract.     Martin,  one  in  43; 
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Photomicrograph  Melano-Sarcuma  of  Iris,  x  6y2  Diam. 
I. — Cornea  with  portion  of  epithelium  stripped.  2.- — Portion  of  tumor  in 
anterior  chamber.  3. — Remains  of  iris.  4. — Portion  of  tumor  in 
posterior  chamber  (between  3  and  lens).  5. — Ciliary  body,  tumor  cells 
invading  the  head  and  processes.  6. — Ciliar%'  body  not  invaded. 
7. — Lens. 
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and  Lawforcl  and  Treacher  Collins,  once  in  103  cases  exam- 
ined at  Moorfields. 

Wood  and  Pusey,-  in  1902,  gave  abstracts  of  83  cases 
in  which  microscopic  examinations  were  made. 

Thorington^  reported  a  case  in  1910  of  leukosarcoma  of  iris. 

I.aven,^  in  1913,  reported  a  case  of  primary  sarcoma  of  iris 
in  a  girl  twelve  years  of  age,  and  reviewed  the  literature  of  13 
cases.  In  one  of  the  cases  reported  by  Laven  enucleation 
was  done  eleven  years  after  the  excision  of  the  tumor,  and 
death  followed  six  years  later  from  general  metastasis. 

This  case  of  mine  is  the  first  one  to  find  its  way  to  the 
laboratory  of  the  New  York  Eye  and  Ear  Infirmary  since 
May,  1912.  One  reason  for  this,  I  think,  is  that,  as  a  rule, 
these  tumors  are  of  exceedingly  slow  growth  and  it  is  very 
difficult  to  convince  patients  of  the  gravity  of  the  disease 
unless  there  are  marked  inflammatory  symptoms  or  the  vi- 
sion is  greatly  impaired.  Some  authors''  claim  that  they  can 
exist  for  months  or  even  years  without  causing  vascular 
injection  of  the  eye  or  interfering  with  the  motility  of  the 
iris.  I  think  it  is  most  important  to  call  the  attention  of 
patients  to  these  "suspicious  spots,"  as  they  may  be  slow- 
growing  melanosarcomata. 

The  great  question  that  arises  is  one  of  responsibility  in 
these  cases  of  sarcomata  of  the  iris,  especially  when  they  are 
seen  in  the  primary  stage  of  the  disease,  before  iritis  or  in- 
flammatory symptoms  have  developed  or  secondary  glau- 
coma supervenes.  Of  course,  in  my  case  the  responsibility 
was  not  great,  as  the  tumor  was  in  the  secondary  stage  of  the 
disease  when  the  patient  was  first  seen,  and  it  was  not  hard 
to  decide  what  was  the  best  course  to  pursue.  However,  it 
ought  not  to  be  a  difficult  matter  for  the  surgeon  in  any  case 
of  primary  sarcoma  of  the  iris,  when  the  diagnosis  is  once 
established,  although  Fuchs^  says  that  very  small  sarcomata 
of  the  iris  can  be  removed  by  iridectomy,  those  parts  of  the 
iris  which  bear  the  nodules  of  the  tumor  being  excised. 
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How  are  we  to  know  clinically  in  a  given  case  whether  the 
sarcoma  cells  have  invaded  the  ciliary  body,  ciliary  processes, 
or  even  the  canal  of  Schlemm? 

Conclusions. 

1 .  I  feel  that  the  prognosis  is  always  unfavorable  when  the 
sarcoma  is  excised. 

2.  Iridectomy  should  be  done  only  as  an  aid  to  diagnosis. 

3.  I  quite  agree  with  Wood  and  Pusey  who,  after  a  thor- 
ough investigation  of  the  subject,  came  to  the  conclusion 
that  when  the  diagnosis  of  iris  sarcoma  is  established,  the 
globe  containing  the  growth  should  be  immediately  enu- 
cleated. 

4.  That  they  do  recur  sooner  or  later  when  excised  and 
are  apt  to  produce  general  metastases. 

5.  I  feel  that  it  is  not  fair  to  jeopardize  the  life  of  the  pa- 
tient by  a  compromise  in  the  treatment,  and,  after  all  is 
said  and  done,  in  my  opinion  the  radical  operation  is  by  far 
the  safest  in  the  end. 

I  wish  to  express  my  great  appreciation  and  indebtedness 
to  Dr.  George  S.  Dixon  for  the  excellent  photomicrograph 
illustrating  my  paper. 
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ON  VARIETIES  OF  THE  FATIGUE  OF  ACCOMMO- 
DATION AS  REGISTERED  BY  THE  ERGOGRAPH. 

LUCIEN   HOWE,    M.D., 
Buffalo,  N.  Y. 

The  ergograph  is  too  well  known  to  every  student  of 
physiology  to  require  more  than  mention.  One  of  the 
earhest  arrangements  of  this  kind  was  for  measuring  the 
fatigue  of  the  muscles  of  a  finger.  It  was  done  by  covering 
the  finger  with  a  glove,  which  had  a  string  attached  at  the 
tip.  The  string  was  passed  over  a  pulley,  and  to  its  distal 
end  a  weight  was  attached.  Each  time  the  finger  bent  it 
drew  up  the  weight.  A  registering  pen  was  also  attached 
to  the  string  near  its  farthest  extremity,  and  that  was  made 
to  move  up  and  down  over  the  surface  of  a  vertically  placed 
drum.  When  this  drum  was  at  rest,  the  pen,  of  course, 
marked  simply  a  vertical  line  on  its  surface.  When,  how- 
ever, the  drum  revolved,  each  contraction  of  the  finger 
caused  the  pen  to  write  a  wave.  When  the  finger  was  thus 
contracted  a  number  of  times  in  succession,  the  fatigue  and 
final  exhaustion  of  the  muscles  of  that  finger  were  shown  on 
the  drum  by  a  succession  of  waves  which  became  shorter 
and  shorter  as  the  fatigue  gradually  passed  into  a  condition 
of  exhaustion.  This  method  has  been  repeated  and  verified 
by  so  many  teachers  and  students  that  the  ergograph  is 
now  a  well-recognized  measure  of  fatigue,  and  some  form 
of  the  instrument  is  found  in  every  physiologic  laboratory. 

The  earlier  types  of  the  ergograph  have  been  improved  by 
different  students  in  order  to  adapt  it  to  the  measurement 
of  fatigue  of  different  muscles  in  different  parts  of  the  body. 
Thus,  at  the  meeting  of  the  American  Medical  Association 
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in  1912,  I  showed  how  it  was  possible  to  modify  an  ergo- 
graph  so  that  with  it  we  could  measure  the  fatigue  of  the 
ocular  muscles.  In  that  form  it  might  be  called  in  general 
terms  "an  ophthalmic  ergograph."  When  it  was  used  with 
Risley  prisms,  rotating  to  bring  the  base  out,  it  became  a 
convergence  ergograph.  WTien  the  prisms  were  turned  so 
as  to  measure  the  fatigue  of  divergence,  it  became  a  diver- 
gence ergograph,  and  so  on. 

At  the  meeting  of  the  American  Medical  Association  last 
year  I  showed  how  it  was  possible,  by  a  further  modification, 
to  make  the  ergograph  measure  the  fatigue  of  accommoda- 
tion. As  the  descriptions  of  these  improvements  in  the 
mechanism  and  the  results  obtained  are  contained  in  papers 
which  have  preceded  this,  it  would  be  out  of  place  to  repeat 
details  already  published.  The  apparatus  necessary  for  these 
different  examinations  has  been  brought  for  demonstration, 
however,  and  will  be  shown  gladly  in  reply  to  questions,  or 
as  opportunity"  may  offer  to  any  who  may  be  interested  after 
the  formal  session. 

Those  who  have  seen  the  paper  presented  at  the  meeting 
of  the  American  Medical  Association  in  1916  may  remember 
that  the  accommodation  ergograph  consisted  practically  of 
a  horizontal  bar  on  which  was  placed  a  set  of  the  ordinary 
test-letters  which  had  been  photographed  down  so  that 
they  could  be  seen  by  a  normal  eye  at  small  fractions  of  a 
meter.  These  test-letters  were  attached  to  one  end  of  a 
violin  string,  and  to  its  other  end  a  recording  pen  was  fixed 
in  such  a  way  that  each  time  the  test-letters  approached  the 
eye  the  string  drew  the  pen  up  parallel  to  the  axis  of  the 
drum,  making  a  vertical  line  when  the  drum  was  stationary. 
But  when  the  drum  revolved,  and  at  the  same  time  the  letters 
were  successively  approached  and  made  to  recede  from  the 
eyes,  a  series  of  waves  were  recorded  on  the  drum. 

The  line  or  curve  connecting  the  apices  of  such  waves  on 
the  drum  constitute  what  is  known  in  physiology  as  the 
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"fatigue  curve."  In  this  case  it  gives  us  tiie  fatigue  curve 
of  accommodation. 

In  this  brief  statement  it  is  possible  only  to  refer  to  a  few 
examples  of  this  kind  of  ocular  fatigue,  as  that  is  written  on 
the  revolving  drum  by  the  ciliary  muscles  themselves.  Even 
these  tracings  of  the  pen,  when  examined  for  the  first  time, 
seem  to  have  as  little  meaning  as  away  pictures  have  to  the 
untrained  observer. 

In  order  to  bring  any  order  out  of  the  apparent  chaos  and 
understand  the  meaning  of  these  tracings  we  must,  first  of 
all,  divide  each  tracing  into  its  three  component  parts, 
namely,  the  initial,  the  medial,  and  the  terminal  portions  of 
the  muscular  effort. 

First:  By  the  initial  contractions  we  mean  not  alone  the 
first  contraction,  but  the  few  which  follow  the  first.  These 
together  are  practically  a  part  of  the  first  effort  which  the 
muscle  makes  in  the  development  of  fatigue. 

Second:  After  the  initial  contractions  there  come  a  more 
or  less  well-defined  group  which  constitute  the  body  or 
principal  part  of  the  series  of  successive  contractions.  Usu- 
allj^  these  contractions  are  of  gradually  decreasing  extent, 
each  one  a  little  shorter  than  the  last;  or  those  which  may  be 
prompt  and  regular  at  first  become  rather  tardy  and  waver- 
ing later. 

Third:  The  terminal  portion  is  usually  a  mere  continua- 
tion of  the  second  portion  of  the  effort.  In  exceptional  in- 
stances, however,  it  is  quite  different.  For  example,  in  the 
weak  type  the  initial  and  the  medial  portions  of  the  con- 
tractions may  be  comparatively  regular.  But  toward  the 
end  the  muscles  of  the  eyes  develop  such  a  degree  of  fatigue 
that  each  succeeding  contraction  is  less  by  far  than  the  one 
which  preceded  it.  This  gives  a  sudden  dropping  of  the 
waves  in  the  tracings  at  the  terminal  portion.  It  is,  of 
course,  the  sudden  exhaustion  of  the  ciliary  muscles. 

In  general  terms  it  may  be  stated  that  the  initial  contrac- 
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tions  occupy  about  one-eighth  to  one-quarter  of  all  the  con- 
tractions; the  medial  contractions  about  one-half,  and  the 
terminal,  like  the  first,  about  one-eighth  or  one-quarter  of 
all  the  contractions  possible  during  a  single  series  of  efforts. 

With  this  understanding  of  the  meaning  of  the  tracings 
made  by  the  ciliary  muscles  we  are  better  prepared  to  study 
the  varieties  of  fatigue  as  indicated  by  the  tracings  here  shown. 

First,  as  to  the  normal  fatigue  of  accommodation  in  the 
normal  eye.  We  have  known,  since  the  days  of  Bonders, 
that  the  normal  eye  of  a  person  of  about  ten  or  fifteen  years 
old,  for  example,  has  a  power  of  accommodation  of  13  or  14 
diopters.  But  his  measurements  and  those  made  b}^  others 
related  only  to  the  ability  of  a  given  individual  to  make  a 
single  act  of  accommodation.  When  the  fatigue  of  accom- 
modation was  more  fully  studied  and  measured,  we  learned 
about  how  often  an  individual  of  about  a  certain  age  could 
repeat  that  effort  of  accommodation,  and  about  how  rapidly 
the  fatigue  developed  in  doing  this.  That  fatigue  curve  of 
accommodation  was  given  in  Figs.  6  and  7  of  a  paper  on 
"The  Fatigue  of  Accommodation  as  Registered  by  the  Ergo- 
graph."*  Both  tracings  were  made  by  the  eyes  of  healthy 
young  persons,  the  starting-point — the  base  line — being  al- 
most at  the  limit  of  a  single  effort  of  accommodation  for  an 
individual  of  that  age. 

With  this  decrease  in  the  power  of  accommodation  we 
would  expect  also  a  lessening  resistance  to  fatigue.  Tracings 
show  that  this  is  the  general  rule.  But  exceptions  are  nu- 
merous. In  this  paper  it  is  possible  to  give  only  a  bird's-eye 
view  of  a  classification  of  these  variations  from  the  normal 
type  of  fatigue  at  a  given  age.     These  are : 

First:  The  strong  type. 

A.  Strong  throughout  the  entire  efTort. 

B.  Strong  contractions  during  the  first  and  second 

portions,  but  not  in  the  third. 

♦TriiiiF.  Sect,  on  Ophth.,  Amer.  Med.  Ass.,  1916. 
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C.  Stroiifi;  contraction  in  the  first  part  only. 
Second:  The  weak  type. 

A.  Contractions  not  above  normal  in  the  first  and 

second  portions,  but  distinctly  weak  in  the  third. 

B.  Contractions  not  above  normal  in  first,  but  dis- 

tinctly weak  in  the  second  and  third. 

C.  Contractions  below  normal  throughout. 

We  should  also  note  that  tracings  of  fatigue  of  accommo- 
dation with  one  eye  alone  are  frequently  quite  different  from 
the  fatigue  shown  when  accommodation  is  accompanied 
with  convergence.  These  tracings,  therefore,  give  promise 
of  interesting  and  exact  evidence  in  the  question  of  absolute 
and  relative  accommodation,  so  much  discussed  by  Hess  and 
others. 

Tracings  also  show  that  ametropia  plays  a  very  consider- 
able part  in  the  development  of  fatigue.  This  fatigue,  so 
evident  clinically  in  a  general  way,  we  can  now  measure 
with  accuracy.  This  fact  can  only  be  mentioned  here;  its 
full  discussion  would  require  a  long  chapter,  if  not  a  small 
volume. 

It  is  especially  noticeable  that  the  development  of  fatigue 
of  accommodation  is  usually  associated  with  what  has  been 
called  the  tone  of  the  general  muscular  system.  This  also 
we  would  naturally  expect.  We  know,  for  example,  that  if 
we  attempt  to  read  when  tired  or  sleepy,  the  print  soon  blurs. 
The  obvious  relation  between  the  strength  of  the  general 
muscular  system  and  that  of  the  muscles  of  the  eyes  suggests 
some  interesting  lines  of  investigation  in  connection  with  the 
varieties  of  fatigue  of  accommodation.  For  example.  Dr. 
Sargent,  Director  of  the  Hemenway  Gymnasium  at  Har- 
vard, gives  us  a  method  by  which  to  measure  the  number  of 
foot-pounds  developed  by  an  individual  in  a  given  time,  say, 
thirty  minutes.  It  is  also  possible  to  measure  even  the 
strength  of  certain  groups  of  muscles,  for  example,  the  flex- 
ors of  the  forearm  by  means  of  the  spring  dynamometer. 
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Now  that  we  have  a  measure  also  of  the  ocular  fatigue,  it  is 
possible  to  compare  the  strength  of  muscles  in  other  parts  of 
the  body  with  fatigue  developed  in  either  the  extraocular 
or  intraocular  muscles,  or  with  both  of  these  groups  together. 
Such  problems,  however,  can  only  be  hinted  at  here,  as  the 
object  now  is  simply  to  call  attention  to  these  varieties  of 
fatigue  of  accommodation  as  registered  by  the  ergograph. 

It  is  now  about  six  years  since  the  first  measurements 
were  made  of  fatigue  of  the  extraocular  muscles,  the  first 
measurements  of  fatigue  of  the  intraocular  muscles  having 
been  made  two  years  later.  Since  then  a  considerable  num- 
ber of  these  tracings  have  accumulated.  The  articles  which 
preceded  this  related,  as  already  indicated,  to  the  instru- 
ments themselves  and  the  methods  of  their  use,  together 
with  the  varieties  of  fatigue  of  the  extraocular  muscles. 

In  this  paper  it  has  been  possible  only  to  take  a  view  of  the 
varieties  of  fatigue  of  accommodation  such  as  the  student 
sees  when  a  large  number  of  these  tracings  lie  before  him. 
The  next  step  will  be  to  study  each  of  these  varieties  carefully 
in  order  to  ascertain  exactly  how  each  group  of  tracings 
differs  from  the  normal  and,  if  possible,  the  reason  for  that 
difference.  The  task  is  a  long  one,  better  fitted  for  a  young 
man  than  an  old  one.  But  the  field  is  full  of  interest,  and 
promises  a  possible  harvest  of  facts  of  some  practical  value 
to  ophthalmology. 

DISCUSSION. 

Dr.  W.  B.  Lancaster,  Boston,  Mass.:  My  interest  in 
fatigue  of  accommodation  was  excited  first  by  a  paper  that 
I  saw  in  the  Transactions  of  the  Illuminating  Engineering 
Society,  vol.  viii,  p.  40,  by  Professor  C.  E.  Ferree  (who  is  a 
psychologist  connected  with  Bryn  Mawr)  and  his  assistant, 
Dr.  Rand.  Professor  Ferree  pointed  out,  as  Dr.  Howe  has, 
that  our  ordinary  tests  do  not  show  the  endurance  of  the 
eye,  but  only  the  ability  to  make  a  single  brief  effort,  and 
that  it  would  be  desirable  to  have  a  means  of  measuring  the 
endurance.     He  devised  a  method  which  interested  me,  and 
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I  iindcMtook  to  ropoat  his  experiment.  The  experiment  was 
soniethiiijj;  like  this: 

The  test-object  was  in  a  definite  position.  3^  to  3^  meter 
from  the  eye,  and  the  person  exporimonted  on  looked  at  it 
steadily.  As  soon  as  it  bocanie  hlun-cd  he  pressed  a  button. 
When  it  became  clear  again,  lie  released  {\w  button.  This 
was  kept  up  for  one  hundred  seconds.  If,  during  this  time, 
the  button  was  kept  down  ten  seconds,  the  fatigue  ratio 
would  be  10/100.  When  I  undertook  to  repeat  the  experi- 
ment, I  found  that  I  could  look  at  the  object  for  one  hundred 
seconds,  or  two  hundred,  or  even,  for  that  matter,  continu- 
ously, without  getting  any  period  when  I  had  to  depress  the 
button  on  account  of  blur.  Therefore  I  went  to  see  Dr. 
Ferree  at  his  laboratory  in  order  to  find  out  what  the  matter 
was.  He  claimed  at  that  time  that  this  test  was  a  test  of 
fatigue  of  accommodation,  and  that  the  reason  the  object 
became  indistinct  was  because  it  was  temporarily  out  of 
focus.  That  was  not  the  reason,  however.  It  was  due  to  a 
fatigue  of  the  retina.  Similar  phenomena  had  long  ago  been 
noticed  by  other  experimenters  (Troxler,  (juoted  by  Tscher- 
ning,  Phys.  Opt.,  p.  285).  The  reason  that  I  could  look  at 
it  without  interruption  was  that  I  fixed  first  one  point  in  the 
object  and  then  another.  If  I  kept  the  eye,  and  therefore 
the  retina,  moving  even  very  slightly,  fatigue  of  the  retina 
did  not  occur. 

Failing  in  this,  I  tried  to  find  some  other  way  in  which  I 
could  measure  the  fatigue  of  accommodation,  and  I  pro- 
duced something  nearly  like  Dr.  Howe's  instrument.  He 
was  working  at  it  also,  but  I  did  not  know  it.  I  expected  to 
get  curves,  such  as  he  obtains,  but  I  was  disappointed. 
i  found  that  the  test-object  could  be  moved  forward  and 
backward  for  half  an  hour  perhaps;  and  that,  instead  of 
getting  a  falling  ofi",  the  line  would  be  straighter.  At  the 
end  of  the  time  one  could  accommodate  as  much  as  in  the 
beginning.  That  result  is  not  surprising  when  you  think  of 
the  ciliary  muscle  and  what  it  does.  We  read  on,  hour  after 
hour,  keeping  the  muscle  at  a  certain  tension  all  the  time. 
It  is  an  unstri])ed  muscle,  like  the  sphincter  muscles  of  the 
hollow  viscera,  which  are  kept  contracted  a  long  time  with- 
out fatigue.  The  same  is  true  of  the  ciliary  muscle.  It 
can  be  kept  contracted  as  in  ordinary  work  for  an  indefinite 


152  Howe:  The  Fatigue  of  Accommodation. 

time  without  fatigue.  The  explanation  of  the  curves  of 
Dr.  Howe,  where  there  is  a  falhng  off,  is  another  matter. 
There  is  not  time  to  go  into  it.  In  all  the  cases  that  my 
colleague,  Dr.  E.  R.  Wilhams,  and  myself  tested,  we  failed 
to  find  such  a  falling  off  when  we  eliminated  the  retina  as  a 
source  of  error  by  keeping  the  fixation  slightly  moving. 

Dr.  Howe:  Were  the  test-objects  that  you  used  photo- 
graphed? 

Dr.  Lancaster:  We  had  some  letters  that  were  reduced 
by  photography:  they  were  even  smaller  than  these  of  Dr. 
Howe.  We  found  that  the  margin  of  error  in  our  tests,  which 
was  carefully  considered,  was  very  much  less  than  the  quan- 
tity that  we  were  measuring.  Our  results  cannot  be  explained 
away  in  that  manner.  On  the  other  hand.  Dr.  Howe  has  en- 
tirely neglected  to  take  account  of  the  source  of  error  pointed 
out  by  us  due  to  retinal  fatigue  (see  Trans.  Amer.  Acad. 
Ophth.  and  Oto-lar.,  1914).  AdcHtional  references  on  the 
form  of  retinal  fatigue  referred  to  above:  Fechner:  Pogg 
Ann.,  1838,  xliv,  p.  585;  Helmholtz:  Phvsiol.  Opt.,  1896,  p. 
510;  Fick  and  Gruber:  .Ai'ch.  f.  Ophth..  1890,  xxxvi,  p.  246; 
Hess:  Ibid.,  1894,  xl,  p.  274;  ^lacDougall:  :Mind,  1902, 
xl.  p.  316:  xU,  p.  289;  Ferree:  Amer.  Jour,  of  Psychol., 
1906,  xvii,  p.  79;  xix,  p.  57;  xix,  p.  483;  xxiv,  p.  377;  also 
Trans.  111.  Eng.  Soc,  1915,  vol.  x,  p.  1097. 

Dr.  Luciex  Howe.  Buffalo,  X.  Y. :  Apparently  Dr.  Lan- 
caster's experiments  were  ciuite  different  from  the  measure- 
ments described  in  my  paper: 

First,  the  arrangement  used  was  different  in  some  essen- 
tial points.  For  example,  his  test-object  consisted  simply 
of  a  small  type  or  similar  object  which  he  thought  the  patient 
ought  to  see  at  about  a  certain  distance.  On  the  other  hand, 
the  test-object  here  described  was  a  series  of  test-letters 
reduced  by  photography  to  scale,  so  that  the  letters  in  each 
line  subtended  the  angle  of  minimum  vision  for  a  given  dis- 
tance. With  inaccurate  test-objects,  it  is  true,  accoimiioda- 
tion  can  be  kept  up  a  long  time.  But  if  the  test-objects  are 
accurate,  we  know  just  what  amount  of  accommodation  is 
exerted  for  certain  points,  and  get  curves  like  those  described. 

Second,  as  he  used  no  revolving  drum  or  chromograph  to 
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record  the  successive  efforts  of  acconiniodation,  it  is  im- 
possible to  know  how  rapidly  they  succeeded  each  other  or 
how  many  such  efforts  were  made  at  a  given  sitting.  In 
other  respects  the  method  of  making  the  measurements 
apparently  differed  as  much  as  the  appliances  themselves. 
Third,  to  show  how  the  gradually  increasing  fatigue  of 
acconuDodation  can  be  measured  and  registered  in  the 
manner  indicated,  a  demonstration  of  this  will  be  made  on 
some  one  of  the  hotel  employees  tomorrow  morning,  before 
the  meeting  of  the  society. 


ASTEROID  HYALITIS. 

T.    B.    HOLLOWAY,    M.D., 

Philadelphia. 

At  odd  times  one  observes  in  the  vitreous  certain  altera- 
tions that  are  most  striking  and  characteristic,  such  as  the 
deposition  of  cholesterin  crystals  and  those  snow-white 
globular  opacities  that  Benson  has  seen  fit  to  describe 
under  the  title  of  asteroid  hyalitis.  I  am  using  the  same 
title  solely  to  identify  the  type  of  case  under  discussion  and 
not  because  I  desire  to  participate  in  the  discussion  as  to 
whether  the  term  hyalitis  is  a  justifiable  one. 

Prior  to  Benson,  D'Oench,  possibly  referring  to  the  same 
opacities,  stated  that  they  presented  a  picture  like  that  of 
an  astronomic  chart,  but  others  have  preferred  to  liken  them 
to  snowballs.  With  others,  since  observing  the  first  case, 
I  have  always  referred  to  them  as  snowball  opacities  of  the 
vitreous,  not  only  because  of  the  marked  resemblance  to 
actual  tiny  snowballs,  but  also  because  of  their  similarity 
to  the  flower  of  the  viburnum  opulus  sterilis,  the  common 
snowball  shrub  so  frequently  seen  in  our  gardens.  As  to 
the  term  hyalitis,  it  is  probable  that  the  majority  of  pathol- 
ogists would  take  exception  to  it,  despite  the  opinion  of 
Straub. 
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The  vitreous  conditions  in  the  patients  observed  by  me 
conform  quite  well  to  the  descriptions  given  by  previous  ob- 
servers. The  opacities  are  globular,  many  ellipsoid  in  shape, 
dull  white,  and  not  glittering,  as  is  cholesterin.  A  few  may 
show  a  slight  projecting  spur,  but  all  seem  to  have  an  ap- 
preciable diameter.  In  the  first  patient  seen  by  me  several 
white  strands  were  noted,  Pollak  also  observed  strands, 
and  he  attributed  them  to  the  exaggerated  elliptical  shape  of 
the  opacities,  that  is,  they  became  spindle  form;  this  type, 
however,  must  be  quite  unusual.  In  certain  cases  there  is 
but  the  slightest  movement  of  the  opacities  on  various  ex- 
cursions of  the  eyes,  while  in  others  the  movements  are  quite 
extensive,  but,  irrespective  of  the  extent,  the  opacities  do  not 
settle  to  the  bottom  of  the  vitreous  chamber  but  return 
approximately  to  their  original  positions.  They  may  be 
present  in  certain  portions  of  the  vitreous  or  the  whole  struc- 
ture may  be  studded  with  them.  In  the  presence  of  a  lesion 
of  the  choroid  these  opacities,  while  present,  are  not  neces- 
sarily in  that  portion  adjacent  to  the  lesion,  as  in  Case  II, 
where  there  was  a  decided  lesion  in  the  lower  and  outer 
portion  of  the  fundus,  and  only  the  central  portion  of  the 
vitreous  was  involved;  that  is,  the  portions  of  the  vitreous 
adjacent  to  the  inner  coats  were  free  from  these  opacities. 
In  the  marked  cases,  when  light  is  reflected  into  the  eye  by 
the  ophthalmoscopic  mirror,  the  white  dots  can  be  seen  at  a 
distance  of  6  to  12  inches  in  front  of  the  eye.  When  using  a 
+7  or  +16  lens  in  the  aperture  of  the  ophthalmoscope,  one 
is  apt  to  think  at  the  first  glance  that  he  is  deahng  with  two 
different  types  of  opacities.  Those  within  focus  present  the 
appearance  above  described,  while  the  other  opacities  appear 
milky  and  ill  defined,  not  unlike  the  flocculent  appearance 
presented  by  phosphates  in  the  urine. 

As  to  vision,  this  is  apparently  not  affected  in  patients 
with  a  moderate  involvement,  and  probably  only  slightly  so 
where  the  whole  vitreous  is  abundantly  filled  with  these 
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opacities;  tho  reduction  in  vision,  if  it  exists,  is  certainly  less 
than  one  would  expect. 

While  this  type  of  opacity  most  closely  resembles  choles- 
terin,  I  am  convinced  that  a  few  minutes'  study  under  proper 
conditions  would  promptly  lead  to  the  conclusion  that  they 
are  not  cholesterin  crystals.  This  conclusion  is  based  en- 
tirely upon  clinical  observation,  for  up  to  the  present  time, 
as  far  as  I  have  been  able  to  determine,  none  of  these  eyes 
has  been  examined  pathologically,  nor  have  any  of  these 
patients  been  subjected  to  careful  and  complete  physico- 
chemical  tests.  I  do  not  mean  to  infer  that  cholesterin  may 
not  be  present  in  certain  quantities,  but  certainly  the  char- 
acteristic appearance  of  the  snowball  opacity  is  not  due  to 
cholesterin  as  we  are  accustomed  to  seeing  it. 

Whether  these  opacities  are  formed  during  some  stage  of 
the  same  process  that  is  concerned  in  the  production  of 
cholesterin  crystals  in  the  vitreous,  or  as  the  result  of  some 
analogous  process,  only  future  clinical  and  laboratory  work 
can  determine.  Because  these  opacities  most  closely  re- 
semble cholesterin,  and  also  because  the  patients  showing 
these  two  types  of  opacities  present  certain  other  clinical 
resemblances,  it  may  be  well  to  briefly  refer  to  synchysis 
scintillans. 

Statistics  are  rather  variable  as  to  the  frequency  of  syn- 
chysis scintillans;  Webster^  has  recorded  5  among  45,000 
cases,  while  Westphal,'-  in  the  most  recent  tabulation,  re- 
cords 40  among  65,000  cases  observed  in  the  Wiirzburg 
Clinic.  In  addition  to  cholesterin,  tyrosin,  margarin,  and 
phosphates  have  been  found  in  these  cases.  \\Tiether  the 
crystals  more  frequently  present  a  golden  or  silvery  appear- 
ance need  not  be  dwelt  upon.  It  is  essentially  a  condition 
of  advanced  years,  said  to  be  more  common  in  women,  and 
has  been  ascribed  to  diseases  of  the  liver,  arthritis,  alcoholism, 
syphilis,  and  arteriosclerosis;  it  has  also  been  found  in  cases 
of  albuminuria  and  diabetes.     Kipp'  has  described  6  cases, 
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in  5  of  which  there  was  middle-ear  disease.  As  to  the  ej-e, 
synchysis  scintillans  has  been  observed  in  association  with 
signs  of  inflammation  involving  all  parts  of  the  uveal  tract, 
affections  of  the  retina,  pathologic  conditions  of  the  lens, 
changes  in  the  optic  nerve,  and  glaucoma,  and  with  certain 
corneal  changes.  Roemer  has  referred  to  its  frequency  in 
traumatic  cases,  24  out  of  50 — 48  per  cent.  In  the  40  cases 
referred  to  by  Westphal,  19,  or  47  per  cent.,  occurred  in 
normal  eyes  or  with  unimportant  affections  of  the  cornea; 
the  average  age  being  sixty-two.  In  10  cases,  25  per  cent., 
there  was  associated  cataract,  the  average  age  being  seventy 
years.  He  believes  this  frequency  accidental  rather  than 
causal.  In  11  cases,  28  per  cent.,  there  were  associated  in- 
traocular diseases,  such  as  glaucoma,  choroiditis,  disease  of 
the  retina,  optic  atrophy,  and  traumatic  detachment  of  the 
retina.  The  average  age  was  sixty,  although  the  youngest 
patient  was  twenty-five.  Here  again  there  appeared  to  be  a 
causal  relationship,  but  at  least  in  the  majority  of  cases  it 
was  not  regarded  as  more  than  a  coincidence. 

The  literature  relating  to  these  snow-like  opacities  is 
scanty,  and  while  I  have  not  exhaustively  searched  the  liter- 
ature of  synchysis  scintillans  and  thus  probably  have  missed 
certain  cases,  I  have  found  the  following  on  record : 

The  first  was  one  of  four  instances  of  synchysis  scintillans 
referred  to  by  Webster  in  1884,  and  in  certain  respects  I  re- 
gard it  as  one  of  the  most  important.  The  patient  was  a 
woman  seventy-six  years  of  age.  V.  R.  E.=  3/200;  L.  E.= 
20/200.  Patches  of  xanthelasma  were  present  about  the 
internal  canthus  of  each  eye.  The  lenses  showed  incipient 
opacities.  Studding  the  whole  vitreous  of  the  right  eye  were 
small,  round,  white  opacities,  and  between  these  could  be 
seen  a  few  small  glittering  crystals. 

In  1889  Valk,"  after  alluding  to  an  observation  made  by 
D'Oench,  referred  to  two  patients  so  affected: 
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Case  I, — Male,  aged  seventy-three  years.  Complained 
of  spots  })efore  his  eyes  and  grachial  failure  of  vision  for  five 
years.  There  was  no  history  of  injury.  The  vision  of  each 
eye  was  20/40,  with  and  without  correction. 

Case  II. — Male,  adult.  Detachinoiit  of  the  retina  of  the 
right  eye  the  result  of  trauma  six  months  before  coming  under 
observation.  The  left  eye  had  a  convergent  paralytic  squint 
the  result  of  a  blow  fifteen  years  before.  The  vision  was 
i:)()()r,  and  the  eye  was  subject  to  recurrent  inflammatory 
attacks.  In  the  left  eye  of  both  of  these  patients  the  vit- 
reous exhibited  numerous  white,  glistening  spots  that  ap- 
peared to  be  suspended  and  did  not  sink  to  the  lower  parts 
of  this  structui'e  when  the  eye  was  stationary.  Excursions 
of  the  globe  produced  slight  movements  of  these  white  opaci- 
ties, but  some  of  them  seemed  to  be  held  in  place  by  miimte 
dark  filaments  that  were  lost  in  the  substance  of  the  vitreous. 
The  opacities  appeared  as  round  bodies  involving  all  por- 
tions of  the  vitreous;  they  were  intensely  white  and  were 
surrounded  by  a  dark  circle,  like  an  air-bubble  under  the 
microscope. 

In  1894  Benson^  referred  to  a  male  patient,  aged  sixty-two 
years,  who  had  contracted  syphilis  thirty  years  before  com- 
ing under  observation.  His  general  health  was  good,  and 
examination  of  the  heart  and  kidneys  negative.  There  was 
no  history  of  gout  or  rheumatism.  The  vision  of  each  eye 
was  6/9.  No  changes  were  noted  in  the  right  h^ns  or  fundus, 
but  studding  the  whole  vitreous  were  hundreds  of  small, 
smooth,  fixed,  cream-colored  spheres  that  in  appearance  re- 
sembled the  stars  on  a  clear  night.  During  a  period  of  nine 
months  no  change  was  noted  in  their  appearance. 

Argyll-Robertson  stated  he  had  observed  an  exactly  simi- 
lar case  except  that  the  bodies  were  movable  and  resembled 
a  series  of  snowballs. 

In  189G  Pollak^  placed  on  record  the  data  of  a  similar  case 
observed  in  the  Fuchs  clinic.  The  patient  was  a  female, 
aged  fifty-one  years.  She  had  a  high  hyperopia  and  gave  a 
history  of  an  attack  of  acute  articular  rheumatism  at  the 
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age  of  thirty.  Both  eyes  were  glaucomatous,  the  right  being 
bhnd  as  the  result  of  this  process.  In  the  periphery  of  the 
right  eye  there  were  areas  of  atrophy  and  choroiditic  foci. 
A  pigmented  strand  extended  from  the  lower  portion  of  the 
retina  into  the  vitreous.  In  the  vitreous  of  the  right  eye 
were  numerous  round  and  elliptic  white  opacities,  and  some 
of  these  were  so  much  elongated  that  they  might  be  referred 
to  as  cords  or  strands. 

In  1909  Wiegmann,"  in  discussing  certain  phases  of  syn- 
chysis  scintillans,  referred  to  a  male,  aged  fifty-seven  years, 
with  arteriosclerosis  and  profuse  retinal  hemorrhages  of  the 
right  eye.  The  fundus  of  the  left  eye  was  said  to  be  normal. 
By  direct  examination  with  gas-light  dull,  snow-white  par- 
ticles could  be  noted  in  the  vitreous  of  each  eye  that  gave  the 
impression  of  falling  snow  as  the  eye  moved.  He  believed 
that  calcium  salts  were  probably  the  principal  components 
of  the  crystals. 

In  January,  1917,  Stark^  reported  the  histories  of  three 
patients  similarly  affected: 

Case  I. — Male,  aged  sixty-four  years.  The  optic  nerves 
were  rather  pale,  but  there  were  no  changes  in  the  choroid 
or  retina.  Perimetric  examination  revealed  a  central  sco- 
toma for  red  and  green.  Albumin  and  granular  casts  were 
found  in  the  urine  and  the  Wassermann  test  was  weakly 
positive.  Vision  could  be  improved  to  20  50.  The  disc 
and  field  changes  were  first  attributed  to  the  kidneys,  later 
to  syphilis. 

Case  II. — Alcoholic  male,  aged  sixty  years.  V.  R.  E.= 
counting  fingers  at  12  feet;  L.  E.=  20/50.  The  right  nerve 
was  pale.  In  this  patient  the  opacities  were  noted  only  in 
the  temporal  portion  of  the  vitreous  of  the  right  eye.  The 
poor  vision  of  this  eye  was  attributed  to  amblyopia  exanopsia 
and  phlyctenular  macula  of  the  cornea. 

Case  III. — Female,  Mexican,  aged  thirty-five  years. 
There  were  no  intraocular  changes  except  the  characteristic 
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vitreous  ehaiiKO.     The  urine  and  Wassermann   tests  were 
negative.     The  corrected  vision  was  20/ 15  in  each  eye. 

In  addition  to  these  eight  cases  several  other  references 
should  be  mentioned.  Tluis,  D'Oench's**  patient,  referred 
to  by  Valk,  had  a  detached  retina.  ''The  peculiar  feature 
of  this  case,  however,  was  found  in  the  presence  of  numerous 
small  white  dots  scattered  throughout  the  detached  portion, 
but  most  numerous  near  the  periphery,  apparently  of  the 
size  of  a  pinhead  or  less  in  the  ophthalmoscopic  image,  and 
not  confluent."  They  resembled  the  stars  in  appearance. 
These  dots  Valk  supposed  to  be  in  the  vitreous,  although 
D'Oench's  statement  is  as  above  quoted. 

Hill  Griffith,^"  in  speaking  of  synchysis  scintillans,  states 
that  in  many  of  the  cases  he  has  seen  opacities  that  appeared 
as  white,  glistening,  round  discs  with  the  surface  presented 
toward  the  observer.  These  shifted  but  little  on  move- 
ments of  the  globe. 

The  cases  observed  by  me  were  as  follows : 

Case  I. — Male,  aged  seventy-four  years.  This  man  was 
a  patient  of  Dr.  de  Schweinitz's,  and  was  seen  by  me  August 
19,  1909,  during  his  absence  from  the  city.  The  man  com- 
plained of  failing  vision.  V.  R.  E.=  5/60;  L.  E.=  5/50. 
The  right  lens  exhibited  incipient  opacities.  The  whole 
vitreous  was  studded  with  an  enormous  number  of  small, 
white  globular  opacities  that  moved  freely  with  the  move- 
ments of  the  eye,  but  did  not  settle  to  the  bottom  of  the 
vitreous  chamber.  Several  short  white  strands  could  also 
be  seen,  and  on  these  were  several  white  opacities,  smaller 
than  the  average  isolated  opacity.  The  disc  was  healthy. 
In  the  periphery  of  the  fundus  there  was  a  tendency  to 
vague  pigment  blotches.  The  left  eye  did  not  show  the 
characteristic  vitreous  changes,  but  otherwise  was  similar 
to  the  right  eye.  The  corrected  vision  was  5/15  for  the 
right  eye  and  5/12  for  the  left.  As  this  patient  lived  in 
one  of  the  western  States  and  was  under  observation  but 
thirty-six  hours,  no  opportunity  was  afforded  for  general 
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examination.     He  stated  that  he  had  had  casts  in  his  urine 
for  the  past  twenty  j^ears. 

Case  II. — Male,  aged  fifty  j^ears.  First  seen  September 
19,  1912,  when  he  complained  of  aching  pain  in  his  eyes, 
associated  with  flashes  of  light.  The  examination  of  the 
right  eye  was  negative.  In  the  left  eye,  located  in  the 
central  part  of  the  vitreous,  were  a  number  of  these  charac- 
teristic opacities.  Far  out  in  the  lower  temporal  periphery 
was  an  isolated  patch  of  retinochoroidal  disturbance,  the 
finer  vessels  near  it  showing  considerable  tortuosity  and 
kinking.  A  few  tiny  hemorrhages  and  minute  dilatations  of 
the  fine  twigs  could  be  noted.  Between  the  inferior  tem- 
poral artery  and  vein  there  was  an  elliptic  area  studded  with 
tiny  thin  hemorrhages.  V.  with  correction:  R.  E.=  5/4; 
L.  E.=  5/4-. 

When  about  twenty  he  had  alopecia  areata.  He  had  been 
troubled  more  or  less  with  gastro-intestinal  disturbances, 
and  two  years  before  had  what  he  described  as  ''ptomain 
poisoning,"  and  was  quite  ill  for  two  and  a  half  months;  in 
fact,  he  did  not  fully  regain  his  health  for  a  j'ear  and  a  half. 
He  has  been  compelled  to  avoid  fruits  and  sugars,  as  they 
produce  a  diarrhea.  He  was  requested  to  see  his  family 
physician,  Dr.  Charles  Codman,  who  reported  the  lungs, 
abdomen,  and  heart  to  be  negative.  The  urine  was  like- 
wise negative,  except  for  a  few  uric-acid  crystals.  Blood- 
pressure  was  110-80.  He  was  advised  to  take  very  small 
doses  of  sodium  iodid.  Later  he  was  put  on  inunctions. 
He  then  passed  from  my  observation  until  November,  1916, 
when  he  returned  for  refraction.  At  this  time  the  opacities 
were  certainly  more  numerous  and  more  movable.  No  free 
hemorrhages  were  noted,  but  the  same  tiny  aneurysmal  or 
venous  dilatation  could  be  noted  near  the  peripheral  lesion. 
V.  R.  E.=  6/6;  L.  E.  =  6/6-.  In  February,  1913,  he  con- 
sulted Dr.  Codman  owing  to  redness  of  the  tip  of  the  nose. 
Over  the  affected  area  there  was  distinct  capillary  dilatation 
that  persisted  for  some  time.  Blood-pressure  was  135-110. 
In  March,  1917,  he  again  consulted  Dr.  Codman,  complain- 
ing of  feeling  tired  and  weak,  which  he  attributed  to  over- 
work. The  urine  showed  a  trace  of  albumin  and  also  some 
indican. 
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Case  III. — Female,  aged  fifty-five  years.  First  seen  by 
me  on  Dr.  de  Schwcinitz's  service  at  the  University  Hospital 
April  7,  1913.  Fundus  examination  of  the  right  eye  did  not 
•show  any  characteristic  vitreous  changes.  The  disc  was 
slightly  off  color.  In  the  macular  region  there  was  a  yel- 
lowish choroidal  lesion  and  three  well-marked  hemorrhagic 
areas  of  moderate  size.  Scattered  about  the  posterior  pole 
were  a  number  of  punctate  yellowish  lesions.  There  was. a 
slight  sclerosis  of  the  vessels.  Examination  of  the  left  eye 
revealed  a  number  of  these  characteristic  opacities  in  the 
vitreous.  Small  and  old  choroiditic  foci  were  present  be- 
tween the  disc  and  macula,  and  along  the  superior  and  in- 
ferior temporal  vessels.  V.  R.  E.=  1/150;  L.  E.  =  6/6, 
corrected.  She  was  referred  to  the  Medical  Dis,pensary  for 
examination,  and  the  late  Dr.  Klaer  reported  that  there  were 
no  signs  of  pulmonary  tuberculosis  and  no  evidences  of 
specific  disease.  The  symptoms  were  regarded  as  due  to 
gastric  or  digestive  disturbances  and  a  very  bad  condition 
of  her  mouth  and  teeth.  A  later  report  stated  that  there 
was  no  nephritis;  the  blood-pressure  was  low  and  the  Was- 
sermann  test  negative.  There  was  a  faint  trace  of  albumin 
in  the  urine. 

Case  IV. — Female,  aged  seventy-three  years.  First  seen 
at  the  University  Hospital  on  March  23,  1917,  owing  to  a 
slight  conjunctival  catarrh.  Each  eye  showed  a  most  ex- 
tensive involvement  of  the  whole  vitreous  with  these  charac- 
teristic opacities.  Many  of  them  showed  irregularities  or 
spurs  and  had  a  wide  range  of  movement  upon  rotations  of 
the  globe.  It  was  difficult  to  study  the  fundi,  but  certainl}' 
no  disc  changes  were  present  and  no  lesions  of  the  choroid  or 
retina  were  noted.  Each  lens,  however,  showed  incipient 
opacities.  The  correction  of  a  high  myopic  astigmatism 
gave  6/7.5  vision  for  each  eye.  She  was  examined  at  the 
Medical  Dispensary  by  Dr.  Thomas  Kelly,  who  reported 
that  there  were  no  demonstrable  cardiac  lesions  and  that  the 
urine  was  negative,  as  was  the  functional  kidney  test.  There 
was  an  arthritis  of  some  of  the  smaller  joints,  and  the  patient 
complained  of  myalgic  pains.  Aside  from  constipation, 
there  were  no  gastro-intestinal  symptoms.  The  Wasser- 
mann  test  was  negative. 
11 
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Of  these  13  patients,  8  were  males  and  5  females;  11  were 
over  fifty,  4  of  these  being  over  seventy;  1  thirty-five,  and 
1  was  an  adult,  the  age  not  being  stated.  In  2  instances 
there  was  bilateral  involvement;  in  7  the  right  eye  only  was 
affected,  and  in  4,  the  left  eye.  As  to  syphilis,  one  acknowl- 
edged the  disease,  one  had  a  positive  Wassermann,  and  in 
three  this  test  was  negative;  all  were  presumably  serum  test. 
The  associated  ocular  conditions  have  included  lenticular 
opacities,  signs  of  inflammation  of  the  uveal  tract,  optic 
atrophy,  and  glaucoma,  and,  if  D'Oench's  patient  be  in- 
cluded, detachment  of  the  retina. 

From  the  above  cases  it  can  be  seen  that  there  is  a  striking 
clinical  resemblance  between  these  cases  with  snowball 
opacities  and  those  showing  cholesterin  crystals.  Both  occur 
most  frequently  in  individuals  well  advanced  in  years  and  in 
connection  with  essentially  the  same  systemic  conditions; 
both  have  been  associated  with  varied  and  similar  ocular 
disturbances  or  have  been  present  without  other  visible 
intraocular  or  fundus  conditions.  Such  being  the  case,  it 
does  not  seem  irrelevant  to  make  brief  further  reference  to 
synchysis  scintillans.  Sgrosso,  in  discussing  this  condition, 
refers  to  three  groups:  first,  scintillation  in  the  lens  in  the 
presence  of  cataract;  second,  exclusively  in  the  vitreous, 
with  integrity  of  the  lens;  third,  involving  all  or  some  of  the 
ocular  cavities,  with  evident  changes  in  the  uveal  tract. 
The  cases  of  snowball  opacities  above  mentioned  would  be 
grouped  under  the  second  arid  third  division  of  this  classi- 
fication. 

Concerning  the  pathogenesis  of  synchysis  scintillans  I 
would  refer  to  Sgrosso's^^  work  or  to  Roemer's  contribution 
in  the  French  Encyclopedia  of  Ophthalmology,  vol.  vi,  which 
includes  all  the  most  important  of  Sgrosso's  observations. 
Concerning  group  1,  abo^'e  referred  to,  I  would  also  refer  to 
the  contribution  of  J.  Burdon-Copper^-  on  the  hydrolysis 
theory  in  the  pathology  of  cataract.     He  believes  the  tyro- 
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sin  content  of  the  aqueous  acts  as  an  indicator  to  the  opacifi- 
cation of  the  lens,  and  also  suggests  that  cholestorin  may  be 
but  a  further  stage  of  the  same  process  that  leads  to  the  pro- 
duction of  tyrosin.  In  cataract  associated  with  albuminuria 
and  glycosuria  the  tyrosin  in  the  lens  and  aqueous  was  much 
increased.  Not  less  than  a  half-dozen  different  theories 
have  been  advocated  to  explain  certain  cases  falling  in  group 
2  above  referred  to.  As  to  group  3,  it  seems  that  in  these 
cases  some  other  factor  aside  from  the  lesions  with  which 
this  phenomenon  has  been  associated  must  be  required, 
otherwise  why  the  infrequency  of  the  condition  as  compared 
to  the  enormous  number  of  cases  showing  similar  fundus 
changes? 

What  is  the  relation  of  hypercholesterolemia  to  the  type 
case  immediately  under  discussion?  Diseases  of  the  gall- 
bladder, arteriosclerosis,  nephritis,  diabetes,  pregnancy,  and 
some  phases  of  certain  infectious  diseases  may  all  give  rise 
to  an  increase  in  the  cholesterol  content  of  the  blood.  Reh- 
fuss,  who  has  devoted  much  attention  to  these  cases  of 
cholesterolemia,  advises  me  that  he  has  not  seen  instances  of 
vitreous  changes  such  as  I  have  referred  to,  although  he  has 
not  carefully  examined  the  vitreous  in  each  instance  while 
using  the  ophthalmoscope  in  his  routine  clinical  work. 
Even  so,  it  is  difficult  to  see  how  they  could  be  overlooked, 
even  in  a  most  casual  examination,  if  they  were  present. 

In  speaking  of  diabetic  lipemia,  von  Fiirth^^  quotes  Klem- 
perer  as  stating  that  the  condition  is  really  a  lipoidemia, 
the  bulk  of  the  ethereal  extracts  consisting  of  cholesterin 
and  lecithin  and  not  of  fats.  He  quotes  Magnus-Levy  as 
stating  that  the  fats  fail  to  pass  out  of  the  blood-stream 
either  because  of  some  change  in  the  permeability  of  the 
walls  of  the  capillaries  or  from  lack  of  favorable  condition  in 
the  fats.  What  these  are  it  is  not  possible  to  say.  I  have 
not  reviewed  the  literature  of  retinal  lipemia  that  usually 
develops  in  young  subjects  and  is  apt  to  be  a  late  manifesta- 


164  Holloway:    Asteroid  Hyalitis. 

tion,  but  in  the  few  cases  I  am  aware  of  no  such  characteristic 
changes  were  observed.  As  a  matter  of  interest,  mention 
might  be  made  of  the  presence  of  xanthelasma  in  Webster's 
patient,  a  condition  which  has  been  attributed  to  cholemia 
and  regarded  by  Chauffard  and  Laroche^^  as  resulting  from 
a  transitory  or  permanent  hypercholesterolemia. 

Concerning  these  snow-like  opacities,  I  believe  they  con- 
stitute a  manifestation  which,  like  cholesterin,  is  most  fre- 
quently seen  in  advanced  years,  and  that  it  is  not  congenital, 
as  has  been  suggested.  That  the  condition  is  or  may  be 
progressive  is  shown  by  my  second  patient,  who  has  been 
under  observation  about  five  years.  At  first  the  movement 
is  slight,  but  doubtless  becomes  more  marked  as  the  con- 
dition progresses.  In  Cases  I  and  IV  the  opacities  had  the 
widest  range  and  were  abundant.  Cases  II  and  III  had 
few  opacities  and  less  movement.  While  it  may  be  a  co- 
incidence, the  opacities  in  these  last  two  cases  seemed  to  be 
more  perfectly  formed. 

Considering  the  clinical  resemblance  of  these  cases  to 
those  showing  cholesterin  crystals  of  the  character  we  are 
accustomed  to  see,  does  not  Webster's  case,  where  these  two 
types  of  opacities  were  seen  side  by  side,  still  further  suggest 
the  belief  that  the  snow-white  opacities  are  formed  during 
the  same  or  similar  process  that  has  to  do  with  the  deposition 
of  cholesterin  in  the  vitreous? 

All  observers  who  have  written  concerning  these  opacities 
have  agreed  that  they  are  not  cholesterin,  although  I  would 
not  be  surprised  if  cholesterin  would  be  found  in  an  analysis 
of  the  vitreous  of  one  of  these  patients.  Whether  calcium 
salts  enters  into  their  composition,  as  suggested  by  Wieg- 
mann,  can  be  proved  only  by  opportunities  that  so  far  have 
not  been  available,  and  as  to  the  pathogenesis,  this  must 
remain  even  more  obscure  than  is  that  of  the  formation  of 
cholesterin  in  the  vitreous.  Concerning  Wiegmann's  sug- 
gestion, it  is  interesting  to  note  that  in  a  case  of  synchysis 
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scintillans  Kcini^.stein''^  found  crystals  that  resembled  the 
oxalate  and  sulphate  of  lime  obtained  by  Panas  in  experi- 
mental naplithalin  cataract. 

Finally,  while  these  cases  are  not  frequently  encountered, 
I  believe  they  are  more  conunon  than  the  literature  indicates. 
It  is  probable  that  in  some  instances  they  have  been  grouped 
with  the  true  cases  of  synchysis  scintillans.  They  should 
not  be  confused  with  the  circular  or  disc-like  opacities  some- 
times seen  in  severe  cases  of  uveitis  and  that  resemble  in 
appearances  the  large  mutton-fat  drops  seen  on  Descemet's 
membrane.  I  hope  to  be  able  to  report  further  concerning 
Case  IV  and  probable  Case  III. 
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QUANTITATIVE    PERIMETRY;      PRACTICAL    DE- 
VICES AND  ERRORS.* 

CLIFFORD    B.    WALKER,    M.D., 

Boston,  Mass. 

Introductory. 

Our  problem  has  recently  been  to  reduce  the  more  or  less 
cumbersome  methods  of  quantitative  perimetry  to  a  sys- 
tematic procedure  of  greater  ease  and  rapidity.  This  is 
extremely  desirable  in  a  neurologic  clinic,  where  many  cases 
must  be  thoroughly  and  completely  examined,  although 
often  in  bad  physical  condition  to  withstand  a  prolonged 
session.  Since  a  complete  examination  by  the  quantitative 
method  usuallj^  means  determining  the  peripheries  for  three 
to  six  different  sizes  of  test-objects,  in  addition  to  the  three 
color-fields,  it  is  not  surprising  that  we  have  found  it  neces- 
sary to  study  all  possible  short  cuts  to  increase  rapidity 
without  decreasing  accuracy. 

First  of  all,  the  length  of  time  the  patient  is  able  to  main- 
tain fixation  and  concentrate  attention  must  be  considered. 
Most  neurologic  patients  consider  perimetry  the  hardest 
work  they  do,  and  often  it  really  is.  We  find  that  the  pa- 
tient's energ}^  and  attention  will  be  most  efficiently  con- 
served if  we  arrange  to  take  six  or  more  consecutive  readings 
during  the  attention  period  and  record  during  the  rest  period, 
rather  than  to  leave  the  patient  at  attention  while  single 
readings  are  being  recorded.  And  we  must  see  that  the 
patient  does  rest  during  these  periods,  for  many  will  remain 
at  strained  attention  until  told  to  relax. 

*  From  the  Peter  Bent  Brigham  Hospital.  The  supplement  to  this  paper 
may  be  found  in  the  Trans.  Section  on  Ophth.,  Amer.  Med.  Assoc,  1917,  under 
the  title  of  "Neurological  Perimetry." 
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On  the  other  hand,  many  patients  can  give  considerably 
more  than  six  readings  before  becoming  inaccurate,  and 
with  these  cases  we  are  limited  in  rapidity  by  our  ability  to 
memorize  readings  or  to  make  rapid  records.  Indeed,  it  has 
been  the  memory  system  that  has  enabled  us  to  keep  the 
examination  time  within  reason  with  the  large  number  of 
cases  that  must  be  handled  in  a  neurologic  clinic.  While 
this  method  may  be  cultivated  by  those  who  take  field  only 
occasionally,  it  will  probably  be  found  much  more  service- 
able to  those  who  have  a  considerable  amount  of  perimetry 
to  do. 

To  remember  a  consideral)le  number  of  readings  for  a  few 
minutes  is  not  difficult  if  we  reduce  the  distractions  to  mem- 
ory to  a  minimum.  These  distractions  may  be  discussed 
under  several  headings,  thus:  (1)  Mechanical;  (2)  regional 
disorientation;  (3)  uncertainty  as  to  accuracy;  (4)  difficulty 
in  reading  and  recording. 

1.  Mechanical. — The  manipulation  of  the  perimeter, 
screen,  or  test-object  must  become  almost  reflex  acts,  re- 
quiring practically  no  thought.  The  perimeter  should  be 
supplied  with  a  ratchet  automatically  to  fix  its  position  at 
the  various  30-degree  intervals,  so  that  the  chart  or  scale 
does  not  have  to  be  consulted  for  the  exact  position.  One 
should  then  know,  almost  without  thought,  on  what  meridian 
he  is  working.  The  motion  of  the  test-object  and  its  posi- 
tion should  be  so  refiexly  sensed  at  all  times  that  the  exam- 
iner may  watch  the  patient's  eye  and  obtain  the  reading 
with  the  merest  glance.  Other  details,  such  as  keeping  the 
patient's  head  in  good  position  and  holding  his  attention, 
will,  in  most  cases,  cease  to  be  distraction  if  the  patient  is 
made  comfortable  and  the  room  is  quiet. 

A  tall  black  writing  stand  on  3-inch  casters  with  chart 
clipped  in  position  on  the  suitably  sized  top  is  a  great  time- 
saver.  Such  a  table  is  shown  in  Fig.  8.  This  table  also 
has  convenient  compartments  in  the  top  for  discs  and  charts, 


168 


Walker:  Quantitative  Perimetry. 


and  can  be  quickly  pushed  to  a  suitable  position,  so  that 
many  trips  about  the  room,  particularly  in  screen  and  um- 
brella work,  are  unnecessary.  One  simply  records  the  fields 
in  pencil  with  the  free  hand  at  suitable  time  intervals,  later 
to  be  traced  in  ink.  I  prefer  this  method  of  making  records 
to  that  of  sticking  pins  in  the  screen,  for  the  reason  that  the 
attention  of  the  patient  is  distracted  by  following  the  plac- 
ing of  the  pins  and  sometimes  becomes  so  interested  in  the 
growth  of  the  field  on  the  screen  that  accuracy  is  affected. 
Furthermore,  it  takes  as  long  to  stick  a  pin  in  and  get  the 
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Fig.  1. — Table  showing  the  visual  angle  in  minutes  and  the  corresponding 
normal  field  extent  at  the  various  distances.  The  values  below  the  lower 
heavy  line  are  too  small  for  practical  purposes,  while  those  above  the  upper 
heavy  line  may  often  be  used  in  damaged  or  contracted  fields. 


patient  to  refix  on  the  center  as  it  does  to  take  another  read- 
ing, so  that  is  really  time  wasted.  With  our  screens  it  is  no 
more  necessary  than  would  be  the  same  use  of  pins  on  the 
perimeter.  Other  mechanical  advantages  of  the  screens  will 
be  mentioned  later. 

2.  Regional  Disorientation  or  Lack  of  Visualization. — If 
other  distractions  prevent  one  from  keeping  clearly  in  mind 
the  orientation  of  the  perimeter  reading  with  reference  to 
the  patient's  right  or  left  field,  and  the  corresponding  right 
or  left  chart,  a  mental  hesitation  and  retracing  of  steps  will 
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take  place,  combating  the  memory  process.  This  difficulty 
may  be  soon  eliminated  by  a  little  study  and  thought  to 
cultivate  visualization  of  the  field  with  respect  to  the  chart, 
the  patient's  eye,  and  the  perimeter.  A  routine  procedure 
greatly  aids  orientation.  Thus  we  always  begin  with  the 
right  eye,  and  first  examine  form  periphery  along  the  right 
horizontal  axis,  at  the  same  time  mapping  out  the  blind  spot 
as  an  index  of  the  patient's  observation  powers,  and  possibly 
at  the  same  time  detecting  an  enlargement  or  a  paracentral 
scotoma.  From  this  the  examination  proceeds  in  clockwise 
direction  about  the  field.  The  examiner  stands,  for  the  most 
part,  on  the  patient's  left  while  using  the  perimeter,  or  on 
either  side  while  using  the  screen  or  umbrella,  remembering 
that  it  is  easier  to  maintain  visualization  if  one  stays  on  the 
same  side  of  the  patient  throughout  the  examination. 

3.  Uncertainty  as  to  probable  accuracy  of  a  reading  may  be 
the  cause  of  much  delay  and  consequent  memory  distrac- 
tion. While  good  judgment  of  accuracy  is  obtained  only 
by  experience,  the  observer  may  use  considerable  data  as 
an  aid,  in  addition  to  the  outlining  of  the  blind  spot  already 
mentioned.  A  most  useful  thing  is  to  have  well  in  mind 
the  normal  reading  in  all  parts  of  the  field  for  either  eye  for 
all  the  commonly  used  discs  and  distances.  This  may  seem 
to  be  a  considerable  amount  of  information  for  one  to  carry 
who  does  not  do  much  perimetry.  In  that  case  a  table, 
such  as  shown  in  Fig.  2,  will  show  the  two  characteristic 
readings,  which  will  recall  to  mind,  by  relation,  the  rest  of 
the  reading  fairly  well,  or  a  normal  field,  such  as  is  shown  in 
Fig.  3,  may  be  kept  at  hand.  This  holds  for  colored  discs 
as  well  as  for  form  discs,  but  since  we  are  forced  to  save  time 
it  must  be  remembered,  as  we  have  stated  elsewhere,  that 
color  defects  are  practically  always  represented  by  form 
defects  when  the  visual  angle  is  made  small  enough.  Colors 
of  visual  angles  less  than  15  minutes  (about  1  mm.  on  perim- 
eter) are  not  satisfactory  because  of  rapid  fading  and  soil- 
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ing,  because  of  uncertain  threshold  of  appearance  at  the 
periphery,  and  because  of  the  ever-present  excess  of  diffi- 
culty in  quahtative  distinction  of  colors  as  compared  with 
simple  detection  of  form  or  movement.  \ATiile  it  is  routine 
to  take  a  full  set  of  color-fields  with  5  mm.  or  2.5  mm.  discs 
on  the  perimeter,  the  value  of  such  examination  we  consider 
to  be  less  than  the  quantitative  examination  with  white 
discs  of  visual  angles  ranging  from  15  minutes  down  to  1.4 
minutes.     Consequently,  if  circumstances  demanded  sacri- 
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for  the  rapid  determination  of  the  visual  angles  of  the  usual 
discs  at  the  commonly  used  distances. 


fice  of  one  examination  or  the  other,  the  color  tests  would  be 
waived,  and  this  is  especially  true  since  we  have  given  up 
color-interlacing  as  an  important  finding.* 

As  a  further  aid  to  judgment  of  accuracy,  we  are  careful  to 
keep  in  mind  data  accumulated  from  visualization  of  the 
''growing"  field.  That  is,  a  great  deal  of  exterpolation  is 
possible  in  estimation  of  field  peripheries,  as  well  as  with 

*  Walker:  "Color  Interlacing  and  Perimetry,"  Trans.  Amer.  Ophth.  Soc, 
1916,  xiv,  684. 


Walker:  Quanlilative  Perimetry.  171 

physiologic  curves  in  general.  It  has  been  our  experience 
that  peripheral  defects  occur  rather  as  a  sagging  inward 
than  as  a  saw-tooth  defect,  except,  of  course,  along  th(!  ver- 
tical meridian,  where  one  looks  for  a  relatively  sharp  defect. 
However,  gentle  curves  are  the  rule,  so  that  it  pays  to  visual- 
ize the  data  as  obtained.  Jagged  i)eriphcries  are  more  often 
obtained  by  mechanical  perimeters  and  other  thought-saving 
processes  wherein  readings  are  not  so  easily  repeated  and 
averaged. 

A  relative  check  of  the  accuracy  of  readings  with  a  certain 
size  of  disc  may  be  obtained  from  the  readings  of  another 
size  of  disc.  This  results  from  the  variation  of  field  size 
with  the  visual  angle  of  the  test-object.  This  variation, 
represented  by  the  plot  (Fig.  3)  for  the  normal  field,  also 
holds  for  defective  fields  to  a  certain  extent,  as  we  have  de- 
scribed as  "response  to  different-sized  discs"  in  the  previ- 
ously mentioned  paper.  Thus,  the  reading  of  one  size  of 
disc  may  corroborate  or  cast  suspicion  on  the  reading  of 
another  disc,  demanding,  in  the  latter  case,  a  repetition  of 
the  questionable  readings. 

In  conservation  of  time  and  accuracy  we  must  rapidly 
judge  and  pass  over  normal  regions  in  order  to  devote  all  the 
time  possible  to  the  defective  regions,  where  we  may  wish  to 
take  repeated  readings  every  few  degrees.  In  portions  of 
the  field  which  show  normal  readings  it  is  not  profitable  to 
make  records  at  less  than  30-degree  intervals,  although  we 
may  actually  take  more  readings. 

It  is  evident  that  this  procedure  involves  a  judgment  of 
the  value  of  readings  with  respect  to  normality.  Here  we 
must  distinguish  between  the  normal  outlines  for  normal 
individuals  and  the  relatively  normal  portions  of  the  field  in 
the  subnormal  or  neurological  patient.  Thus  we  may  find  in 
a  patient  that  the  outline  to  a  certain  disc  is  10  degrees  to 
20  degrees  less  than  normal  throughout.  A  certain  amount 
of  general  contraction  may  not  tell  us  much  because  we  see 


Fig.  3. — Plot  of  the  variation  of  the  field  extent  with  the  visual  angle  of  the 
test-object.  The  heavy  lines  indicate  the  values  given  by  the  average  indi- 
viduals of  good  eyesight.  The  dotted  lines  indicate  the  values  given  by  ex- 
perienced observers. 
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great  variations  of  this  sort,  often  without  useful  significance, 
but  if,  for  instance,  in  two  homonymous  (luadrants  there  is 
an  additional  contraction  of  10  degrees  to  20  degrees,  then 
we  have  a  valuable  finding.  Therefore,  it  is  obvious  that 
variations  in  the  absolute  size  of  fields  are  of  far  less  im- 
portance than  relatively  excessive  variations  (defects)  in 
certain  portions  thereof.  That  is,  shape  is  more  important 
than  size  from  a  diagnostic  standpoint. 

These  considerations  are  woven  into  the  procedure  in  this 
way.  When  it  is  found  that  the  first  reading  is  less  than  the 
standard  normal  for  that  particular  visual  angle,  other  read- 
ings are  rapidly  taken  working  toward  the  vertical  meridian. 
If  the  readings  differ  uniformly  from  the  standard  and  cross 
the  vertical  meridian  with  the  same  discrepancy,  then  these 
readings  are  accepted  tentatively  as  the  patient's  normal  for 
that  disc,  and  are  remembered  by  their  difference  from  the 
standard  normal  and  the  search  for  a  defect  proceeds.  If, 
however,  on  or  before  crossing  the  vertical  meridian,  the 
readings  increase,  we  proceed  still  further,  aiming  to  estab- 
lish the  patient's  normal  and  return  to  the  defect.  On  the 
other  hand,  if  we  find  a  still  greater  defect  in  the  same  way, 
we  would  then  be  inclined  to  return  and  go  in  the  opposite 
direction  until  a  good  idea  of  the  patient's  normal  with  re- 
spect to  the  standard  normal  is  obtained  before  examining 
more  closely  the  defective  region.  This  has  become  a  gen- 
eral rule  because  better  visualization  of  the  defect  by  the 
observer  and  more  accurate  observations  of  the  defect  by 
the  patient  are  obtained  after  this  preliminary  procedure  has 
disposed  of  the  more  normal  and  less  important  part  of  the 
field. 

4.  Difficulties  in  Reading  and  Recording  Measurements. — 
These  difficulties  are  readily  overcome  b}^  making  the  instru- 
ments and  charts  more  rapidly  readable,  thereby  releasing 
more  concentration  to  the  memory  and  visualization  proc- 
esses.    In  the  case  of  the  perimeter,  which  has  been  previ- 
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ously  described,*  a  very  large  face  is  used,  representing  from 
35  degrees  to  90  degrees  of  field  extent.  Lines  represent- 
ing the  field  and  single  numerals  representing  the  degrees  at 
every  intersection  are  stamped  in  the  metal  on  front  and 
back.  These  stampings  are  deep  enough  so  that  they  are 
still  readily  visible  from  any  direction  when  painted  over 
with  the  dead  black  finish. 

Mechanical  perimeters  do  not  answer  our  requirements  of 
flexibility  and  rapidity  and  have  numerous  other  short- 
comings discussed  in  the  previously  mentioned  references; 
but  particularly  in  this  connection  it  may  be  mentioned  that 
mechanical  records  tend  to  inhibit  the  practice  of  visualiza- 
tion. 

This  general  method  of  mapping,  marking  directly  on  the 
instrument  as  large  an  area  of  field  as  practicable  about  the 
fixation-point,  has  been  found  exceedingly  useful,  and  has 
been  extended  to  screen  and  umbrella  devices,  so  that  they 
become  as  readily  readable  as  the  perimeter.  The  discus- 
sion of  these  factors  may  proceed  with  the  description  and 
use  of  devices. 

Screen  Tests. — Having  discarded  the  use  of  pins  or  pro- 
tractor rulers  as  being  too  time-consuming  and  distracting 
to  the  patient,  and  having  further  decided  from  the  same 
standpoint  that  continuous  fixation  on  the  center  of  the 
screen,  rather  than  alternately  on  the  edges,  was  desirable, 
it  became  clear  that  we  must  either  have  several  markings 
on  one  screen  corresponding  to  the  different  distances  used, 
or  several  screens  with  markings  for  one  dist/ince  only  on 
each  screen.  We  have  tried  both  methods  extensively, 
carefully  recording  data  and  calculations  in  order  to  select 
the  most  efficient  devices  from  a  practical  standpoint.  This 
has  led  to  a  study  of  numerous  factors. 

Visual  Angles. — First  the  visual  angle  for  each  disc  in  our 
series  was  calculated  and  tabulated  for  all  the  useful  distance 

*  Walker:  "Bitemporal  Hemianopsia,"  Archiv.  of  Ophthal.,  xliv,  v.  4, 1915. 
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intervals  (cf.  Fig.  1).  These  visual  angles  in  minutes  are 
readily  obtained  by  multiplying  the  disc  diameter  in  milli- 
meters by  the  constant  3437.7,  and  dividing  the  result  by 
the  distance  in  millimeters,  thus:     -^^,.  '^'"^  ^^'^  X  3437.7  = 

'  distance 

visual  angle  in  minutes.  Slide  rule  computations  were  used 
and  are  sufficiently  accurate.  But  still  quicker  and  even 
more  accurate  is  the  use  of  the  plotted  chart  shown  in  Fig.  2. 
This  chart  is  very  advantageous,  since  it  renders  the  subject 
more  universal,  and  should  be  useful  to  any  who  wish  to 
devise  screens  for  any  given  size  of  disc  or  any  distance  that 
happens  to  be  available.  Lines  are  drawn  on  the  chart  for 
each  commonly  used  distance.  To  get  the  visual  angle  for 
any  disc  size  up  to  5  mm.  one  simply  reads  off  the  coordinate 
on  the  horizontal  axis  corresponding  to  the  disc  diameter 
on  the  vertical  axis  with  reference  to  the  proper  distance 
line.  For  any  other  distance  find  the  point  representing  it  on 
the  distance  scale  and  draw  a  straight  line  through  that  point 
and  the  zero-point  of  the  coordinates  and  proceed  as  before. 
The  Normal  Field. — Then  a  systematic  study  was  made  of 
the  size  of  the  normal  field  for  each  available  visual  angle. 
A  visual  angle  may  be  unavailable  because  the  field  is  too 
large  for  the  screens  (above  upper  heavy  line  in  table),  or  be- 
cause it  is  too  small  to  give  a  field  of  any  useful  size  (below 
the  lower  heavy  line  in  table)  (Fig.  1).  All  discs  can,  of 
course,  be  used  on  the  perimeter,  even  down  to  a  visual 
angle  of  1.5  minutes,  as  we  have  shown  elsewhere,*  but 
below  7.5  minutes  or  0.6  mm.  diameter  on  the  perimeter 
the  necessary  size  of  the  disc  handle  becomes  large  in  pro- 
portion to  the  disc  size,  so  that  one  must  warn  the  patient 
not  to  confuse  the  two.  Therefore,  although  satisfactory 
work  can  be  done  on  the  perimeter,  one  may  often  save  time 
by  changing  to  the  screen  for  visual  angles  of  5  minutes  and 
below. 

*  Walker:  "Bitemporal  Hemianopsia,"  Arohiv.  of  Ophthal.,  xliv,  v.  4, 1915. 
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It  is  necessary  to  know  the  field  size  to  expect  with  each 
visual  angle  in  order  to  select  the  most  efficient  arrangement 
of  screen  sizes,  distances,  and  discs  to  be  used.  Preliminary 
information  on  these  points  was  obtained  by  the  usual  method 
of  laborious  calculations  from  a  single  screen,  moving  the 
patient  back  and  forth  for  the  various  distances.  From 
this  data  a  preliminary  curve  similar  to  that  shown  in  Fig.  3 
was  obtained,  and  it  w^as  decided  that  discs  of  about  1  mm. 
in  size  had  by  far  the  widest  range  of  usefulness.  Thus,  by 
using  the  1.2  mm.  disc  and  a  range  of  distances  from  500  to 


Fig.  4. — Scale  drawing  of  various  curvatures  used,  showing  distance  error  and 
method  of  projecting  field  markings  from  one  curvature  to  another. 


3000  mm.  a  very  satisfactory  range  of  visual  angles  and  field 
sizes  was  obtained.  It  was  further  concluded  that  the  dis- 
tances 500,  2500,  and  3000  mm.  were  less  useful  than  the 
distances  1000,  1500,  2000,  and  2750  mm. 

As  a  further  approximation  toward  more  accurate  data  a 
scale  diagram  (Fig.  4)  was  constructed  to  compare  errors  at 
the  various  distances  resulting  from  lack  of  curvature  in  the 
screen.  \\Tiile  a  screen  can  be  calibrated  so  that  its  mark- 
ings, representing  degrees  distance  from  the  fixation-point, 
are  accurate  out  to  50  degrees,  the  test-object  at  this  point 
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is  55  per  cent,  farther  away  from  the  patient  than  it  is  when 
at  the  fixation-point,  consequently  its  visual  ungle  is  about 
one-half  as  great  exclusive  of  the  further  error  that  may 
occur  if  the  disc  is  not  tilted  normally  to  the  ocular  direction. 

By  use  of  a  scale  drawing,  such  as  shown  in  Fig.  4,  the 
error  at  each  interval  can  he  quickh'  estimated  with  sufficient 
accuracy.  Thus,  at  10  degrees  from  the  fixation-point  on  the 
screen  placed  normal  to  the  line  of  vision  at  any  distance 
from  the  patient  the  error  is  1.5  per  cent,  increase  in  dis- 
tance; at  20  degrees  it  is  7  per  cent.;  at  30  degrees  it  is  16 
per  cent. ;  at  40  degrees  it  is  32  per  cent. ;  and  at  50  degrees 
it  is  55  per  cent. 

These  errors  in  distances  give  the  following  errors  in  visual 
angles  by  use  of  the  formula  previously  mentioned.  At 
10  degrees  on  the  screen  there  is  a  1.45  per  cent,  decrease  in 
the  visual  angle;  at  20  degrees  this  error  is  6.4  per  cent.;  at 
30  degrees  it  is  14.9  per  cent.;  at  40  degrees  it  is  26.2  per 
cent.,  and  at  50  degrees  it  is  35  per  cent. 

Umbrella.— Above  20  degrees  it  is  evident  that  there  is 
considerable  error,  due  to  the  increase  in  distance.  In  order 
to  dispose  of  this  error  we  first  selected  an  umbrella  which 
has  a  radius  of  1000  mm.  The  commonly  used  stock  canopy 
umbrella  has  about  this  measurement.  We  have  used  um- 
brellas for  similar  purposes  before,  and  so  did  the  late  Dr. 
Reber,  of  Philadelphia,  and  others. 

An  umbrella  may  thus  be  easily  selected  which  is  accurate 
along  the  ribs  to  a  fraction  of  1  per  cent.  The  slight  error 
between  ribs  is  compensated  by  the  chord  of  the  arc  in  mark- 
ing. For  perimetric  purposes  such  an  umbrella  must  be 
supported  from  the  convex  side  and  lined  with  black  ma- 
terial to  conceal  the  ribs.  As  is  shown  in  the  illustration 
(Fig.  5),  this  support  is  accompUshed  by  means  of  a  frame 
like  the  spokes  of  a  wheel,  with  w^ires  extending  from  the 
spoke-tips  to  the  mid-portion  of  the  umbrella  ribs.  The 
umbrella  is  thus  altered  to  be  held  open  from  behind  by 

12 
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tension  on  these  wires  rather  than  by  the  usual  construction. 
One  of  the  iron  spokes  forming  the  back  support  is  attached 
to  a  vertical  telescoping  pipe  which  may  be  clamped  at  any 
height,  and  may  be  provided  with  foot-pieces  carrying  three- 
inch  casters,  as  shown  in  Fig.  8.  This  gives  a  readily  ad- 
justable and  movable  piece  of  apparatus.  Without  the 
casters  the  apparatus  is  much  more  difficult  to  handle.  The 
inner  surface  of  the  umbrella  was  then  marked  off  about  the 
center  with  circles  at  10  degrees  and  radii  at  30-degree  in- 
tervals, thus  representing  an  actual  field  chart.  By  this 
arrangement  45  degrees  are  available  in  all  directions  from 
the  center  and  50  degrees  at  the  rib-tips.  Moreover,  since 
there  is  no  correction  at  the  various  10-degree  intervals, 
eccentric  fixation  can  be  used,  making  a  maximum  of  80 
degrees  to  90  degrees  available.  As  may  be  noted  from  the 
scale  drawing  (Fig.  4),  the  same  circles  which  are  accurate  at 
1000  mm.  on  this  umbrella  may  also  be  used  at  2000  mm.  if 
numbered  differently;  that  is,  20  degrees  becomes  10  de- 
grees and  40  degrees  becomes  20  degrees,  because  the  dis- 
tance has  been  doubled.  There  is  a  slight  error,  however, 
due  to  the  curvature,  which  will  be  considered  later  under 
the  heading  of  errors. 

Furthermore,  if  intermediate  circles  are  drawn  which  will 
indicate  the  field  at  500  mm.,  the  labeling  can  be  changed  to 
represent  the  field  at  1500  mm.  and  2500  mm.,  as  is  indicated 
in  the  diagram  of  umbrella  markings  shown  in  Fig.  6.  The 
numbers  at  the  different  distances  are  put  on  in  different 
colors,  thus  reducing  the  difficulty  of  making  proper  readings. 
By  this  arrangement  at  500  mm.  we  have  very  little  error 
out  to  40  degrees  at  1000  mm.  The  instrument  is  correct 
to  80  degrees  or  90  degrees;  at  1500  mm.  30  degrees  are 
available  with  about  one-third  the  error  of  a  screen  at  the 
same  distance;  at  2000  mm.  22  degrees  are  available  with 
about  the  same  error  as  before.  These  errors  will  be  more 
fully  discussed  later. 


Fiji.  .-).— PhotoKM-aph  uinhrclhi  and  stand  with  patient   in  fairly  comfort abli- 

position. 
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Since  the  field  extent  for  the  1  mm.  disc  at  2750  mm.  is 
only  a  little  over  10  degrees,  the  plain  screen  at  that  distance 
is  sufficiently  accurate. 

Thus  we  had  apparatus  accurate  enough  to  make  a  second 
approximation  to  correctness  of  the  curve  of  field  extent 
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Fig.  (). — Scheme  for  marking;  any  surface  (umbrella)  so  that  it  may  be  used 
at  various  distances  from  .^00  mm.  to  2500  mm.  Eccentric  fixation  may  be 
used  to  increase  available  field.  Radius  of  10-degree  circle  =  distance  used 
X  0.1745. 


with  respect  to  visual  angle  of  test-objects  of  the  previously 
mentioned  curve. 

The  second  approximation  curve  thus  obtained  enabled  us 
to  estimate  more  closely  the  errors  possible  at  the  distances 
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of  1000  mm.  to  2500  mm.,  both  on  screens  and  on  the  um- 
brella. In  addition  it  was  found  that  the  umbrella  de- 
scribed was  a  very  handy  instrument  to  work  with,  es- 
pecially at  1000  mm.  For  a  single  instrument  of  easy  con- 
struction it  is  very  efficient.  However,  with  the  data  ob- 
tained at  this  stage  it  was  evident  that  we  could  construct  a 
combination  screen  which  would  be  considerably  better, 
especially  at  the  most  useful  distances  at  1500  mm.  and  2000 
mm. 

New  Combination  Screen. — Having  accumulated  data  of 
considerable  accuracy  regarding  the  field  extent  necessary 
for  a  screen  at  1500  mm.  and  at  2000  mm.,  it  was  possible  to 
calculate  the  field  measurements  with  considerable  accuracy. 

The  screen,  as  built,  has  a  width  of  100  inches  and  a  height 
of  80  inches.  From  a  standing  position  all  parts  of  a  screen 
of  this  size  can  be  reached  without  difficulty ;  still  it  will  re- 
ceive the  normal  field  for  discs  of  about  1  mm.  in  diameter. 
In  order  to  avoid  the  necessity  of  using  markings  such  as 
were  described  for  the  umbrella  a  special  construction  was 
resorted  to  which  gives  a  separate  set  of  markings  for  each 
distance,  which  we  consider  to  be  the  ideal  arrangement. 
That  is,  two  screens  of  the  size  mentioned  were  sewed  to- 
gether along  the  horizontal  meridian  through  the  fixation- 
point  (Fig.  7).  Two  leaves  were  thus  provided,  either  one 
or  both  of  which  could  be  held  up  vertically  by  laying  the 
horizontal  rod  held  in  the  peripheral  seam  over  the  top  sup- 
port of  the  two  back  leaves  of  the  screen,  these  latter  being 
attached  directly  to  the  supporting  frame.  The  leaves  of 
the  screen  are  thus  held  taut  by  the  vertical  gravity  pull  of 
the  rods  either  when  they  are  above  or  below  the  horizontal 
meridian  (Fig.  8).  It  is  obvious  by  this  means  that  we  can 
very  quickly  expose  for  use  any  one  of  the  three  surfaces 
available.  Each  one  of  the  three  surfaces  is  marked  for  a 
different  distance. 

However,  the  markings  were  not  drawn  on  the  screens 


Fig.  7. — Photograph  of  combination  screen  and  umbrcUa  showing  mounting 
ami  "leaves"  of  screen  surface. 
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until  the  curvature  had  l)een  corrected  to  a  satisfactory 
degree  of  accuracy.  This  correction  was  accomplished  by 
running  light  iron  rods  through  the  horizontal  and  vertical 
seams  passing  through  the  fixation-point.  At  the  crossing- 
point  of  these  rods  a  tension  wire  was  arranged  to  draw  the 
central  portion  of  the  screen  about  12  inches  back  from  its 
peripheral  edges,  as  shown  in  the  profile  (Fig.  7).  Also  it 
may  be  seen  from  this  same  figure  that  the  screen  is  supported 
from  the  same  frame  which  supports  the  umbrella.  Hav- 
ing this  combination  screen  stretched  in  its  permanent 
position,  the  correct  radii  for  the  various  circles  about  the 
fixation-points  were  obtained  from  a  drawing  on  a  large 
sheet  of  tough  paper  to  actual  size  similar  to  that  shown  in 
Fig.  4.  The  circles  were  drawn  on  the  screens  with  ordinary 
wax  crayons.  The  meridians  and  the  indication  of  the  two- 
degree  intervals,  as  well  as  the  numerals  at  intersecting 
lines,  were  mapped  out  exactly  as  they  appear  on  the  new 
chart  (Fig.  11),  later  to  be  described. 

The  available  number  of  field  degrees  about  the  fixation- 
point  obtainable  on  this  combination  screen  are  as  follows: 
At  1000  mm.  50  degrees  in  the  vertical  meridian  and  60 
degrees  on  the  horizontal;  at  1500  mm.,  37  degrees  verti- 
cally and  45  degrees  horizontally;  at  2000  mm.,  30  degrees 
verticall}^  and  35  degrees  horizontally;  at  2500  mm.,  25 
degrees  would  be  available  vertically  and  30  degrees  would 
be  available  horizontally;  at  3000  mm.,  14  degrees  vertically 
and  23  degrees  horizontally.  These  last  two  distances, 
however,  we  do  not  use,  choosing  rather  the  plain  screen  at 
2750  mm.,  which  is  correct  enough  for  the  size  of  field  ob- 
tained with  discs  about  1  mm.  in  diameter. 

With  this  screen  we  have  been  greatly  pleased  because  of 
its  numerous  advantages.  In  the  first  place,  it  is  a  very 
comfortable  curvature  to  work  on  as  compared  with  that  of 
the  umbrella.  Again,  all  portions  are  readily  reached  from 
standing  position  and  readings  are  instantly  made  without 
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the  use  of  accessory  devices.  And,  further,  it  is  very  easily 
moved  to  different  distances  and  changed  to  the  correspond- 
ing scale.  Finally,  it  will  always  take  the  entire  normal 
field  for  disc  about  1  mm.  in  size,  and  it  is  accurate  to  a  high 
degree,  as  we  will  discuss  under  the  heading  of  errors.  With 
this  very  practical  instrument  w^e  were  able  to  make  a  third 
approximation  of  the  curve  of  variation  of  field  extent  with 
the  visual  angle  of  the  test-object,  particularly  for  the  im- 
portant distances  of  1500  and  2000  mm. 

Field  Extent  vs.  Visual  Angle. — In  this  plot  (Fig.  3),  as  in 
the  other  plot  (Fig.  2) ,  the  endeavor  has  been  made  to  make 
our  values  available  to  any  observer,  no  matter  what  varia- 
tion in  size  of  disc  or  distance  has  been  used.  The  perimeter 
or  field  reading  is  taken  as  the  vertical  coordinate  and  the 
visual  angle  as  the  horizontal  coordinate.  In  this  way  a 
series  of  points  are  located  for  the  range  of  visual  angles 
available.  Any  individual  thus  examined  will  give  one  such 
a  series.  Each  point  in  the  series  represents  an  average  of  a 
satisfactory  number  of  readings  for  that  particular  visual 
angle.  The  readings  were  taken  on  the  horizontal  line,  at 
the  nasal  and  temporal  peripheries,  these  points  being  taken 
as  characteristic  points  of  the  normal  field.  The  individuals 
used  to  obtain  these  readings  from  were  persons  of  good  ob- 
servation power,  though  they  had  not  previously  been  peri- 
metrically  observed,  such  as  medical  students,  interns, 
nurses,  or  patients  having  normal  eyesight.  This  grade  of 
observation  is  represented  by  the  heavy  lines  on  the  plot 
(Fig.  3) ,  and  is  the  one  which  we  regard  as  a  fair  average  of 
normal.  If,  however,  we  plot  in  similar  manner  the  readings 
"of  good  experienced  observers,  we  obtain  considerably  higher 
values,  as  shown  by  the  dotted  curve.  On  the  other  hand, 
it  should  be  stated  that  neurologic  cases  in  general  often  give 
readings,  in  the  relatively  normal  portions  of  their  fields, 
that  fall  considerably  below  the  normal  curve  indicated  by 
the  heavy  line. 


Fig.  S. — Photograph  of  combination  screen  surface  with  patient  adjusted 
in  position  by  means  of  suspension  ai)paratus.  Showing  tall  bhick  stand  used 
to  convey  writing  materials,  charts,  and  instnuiients.  Patient's  head  fixed  at 
proper  distance  by  use  of  suspension  perimeter  chin-rest. 
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It  is  to  h(»  iiotod  that  for  visual  angles  of  1.8  minutes  to 
2  iriiiiutes,  which  give  fields  from  20  degrees  to  27  degrees  in 
extent,  the  difference  between  the  nasal  and  temporal  meas- 
urement decreases  to  zero,  so  that  the  field  becomes  circular 
for  smaller  visual  angles.  This  shows  itself  in  the  plot  by  a 
union  of  the  nasal  and  temporal  curves  in  the  neighborhood 
of  20  degrees  extent.  To  obtain  readings  of  the  lower  ex- 
tremities of  the  curves,  distances  of  four,  five,  and  six  meters 
were  used. 

It  is  obvious  that  we  may  take  the  reading  of  any  observer 
who  gives  the  disc  diameter  and  distance  used  and  locate  it 
on  this  plot  for  comparison,  by  reference  to  the  visual  angle 
plot  shown  in  Fig.  2.  We  have  done  this  and  find  that  the 
results  of  other  observers  check  very  badly  with  ours,  es- 
pecially for  readings  30  degrees  and  above.  There  is  a 
better  check  below  30  degrees,  as,  for  instance,  the  result  of 
Sinclair,  who  showed  that  the  field  was  almost  circular  and  26 
degrees  in  extent  for  the  1  mm.  disc  at  2000  nmi.  dis- 
tance. 

It  is  possible  that  much  of  the  discrepancy  may  be  due  to 
uncontrolled  error  resulting  from  the  variations  in  the  size 
of  the  disc  or  in  the  use  of  the  plane  screen.  This  leads  us  to 
a  study  of  these  possible  errors: 

Errors.— Generally  speaking,  there  are  numerous  sources 
for  possible  error  or  variations  in  readings  aside  from  those 
due  to  screen,  disc,  or  distance  errors.  Probably  the  most 
important  of  these  is  due  to  illumination.  Test-objects  of 
small  visual  angles  are  considerably  more  sensitive  to  varia- 
tions in  illumination  than  the  larger  sizes,  as  we  have  shown 
in  a  study  of  perimeter  illumination.*  Because  of  the  dis- 
tance at  which  screen  work  is  done,  the  screens  are  usually 
poorly  illuminated  as  compared  with  the  perimeter,  which 
can  be  kept  nearer  the  source  of  illumination.  While  we 
are  able  to  fortify  daylight  by  use  of  electric  lights,  proper 

*  Walker:  Trans.  Section  on  Ophth.,  Amer.  Med.  Assn.,  1917. 
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screen  illumination  at  the  various  distances  used  is  rather 
difficult,  and  as  the  distance  increases  the  illumination  de- 
creases to  a  certain  extent.  To  control  this  variable  abso- 
lutely would  require  more  apparatus  than  we  have  been  able 
to  install.  However,  it  is  more  or  less  constantly  variable 
with  all  observers.  The  material  of  which  the  screen  is  made 
influences  the  readings  considerably;  black  velvet  is,  of 
course,  the  best  surface,  but  black  felt  or  broadcloth  is  a 
very  good  substitute.  The  wearing  of  a  black  gown  and 
gloves  helps  greatly  to  give  more  accurate  readings.  The 
condition  of  the  discs  used  as  regards  fading  or  soiling  must 
be  carefully  watched  and  remedied.  One  other  difficulty, 
that  of  refraction,  is  often  well  controlled  by  allowing  the 
patient  to  wear  his  glasses  during  examination.  It  has  also 
been  found  possible  to  simply  hang  the  proper  trial-case 
glass  from  the  eyebrow  by  the  use  of  a  piece  of  adhesive. 

The  Plane  or  Tangent  Screen  Errors. — As  w^e  have  said, 
the  method  we  have  used  to  estimate  the  errors  involves  the 
use  of  such  a  plot  as  that  shown  in  Fig.  3.  While  this  plot 
is  as  accurate  as  we  can  make  it,  it  probably  represents  some 
slight  amount  of  error.  However,  since  such  error  is  prob- 
ably constant  throughout,  our  method  of  determining  the 
error  due  to  distance  will  not  be  affected. 

If  we  wish,  for  instance,  to  determine  the  error  in  the 
actual  field  reading  at  40  degrees  from  the  center  on  the 
tangent  screen  at  1000  nim.,  we  first  determine  the  distance 
from  the  patient's  eye  to  the  40  degree  point.  This  distance 
is  practically  1310  mm.  The  visual  angle  of  the  disc  which 
should  give  a  reading  at  40  degrees  on  a  correct  surface  will 
be  decreased  on  the  plane  screen  in  the  ratio  of  rfff-  Thus 
from  our  plot,  for  instance,  we  find  that  the  visual  angle  of 
2.9  minutes  should  give  a  reading  of  40  degrees  on  the  tem- 
poral side  of  the  normal  field.  WTien  this  number  is  multi- 
plied by  Tfrl?  we  find  that  the  disc  at  that  point  on  the 
screen  has  an  actual  visual  angle  of  2.21  minutes,  which 
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again  from  our  plot  would  give  a  reading  of  31.7  degrees. 
This  would  represent  a  decreasing  error  of  8.3  degrees. 

However,  this  error  is  reduced  in  actual  field  taking  be- 
cause, as  the  disc  moves  from  the  40  degrees  point  inward 
toward  the  center  of  the  field,  its  visual  angle  automatically 
increases.  This  reduces  the  error  to  the  neighborhood  of 
one-half  of  the  value  mentioned.  To  find  the  error  more 
accurately,  the  curve  is  involuted  between  the  points  repre- 
sented by  the  two  coordinates  2.21  and  2.9,  which  is  prac- 
tically the  same  as  taking  the  average  of  these  coordinates — 
2.55 — and  finding  the  corresponding  field  value  on  the  plot, 
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Fig.  9. — Table  of  errors  on  plane  or  tangent  screen  due  to  distance. 


— 36.5  degrees, — which  gives  an  error  of  3.5  degrees  (Fig. 
9). 

Because  of  the  difference  in  the  curve  for  the  nasal  and  the 
temporal  fields,  the  error  correspondingly  is  different,  being 
sometimes  twice  as  large  on  the  temporal  side  between  20 
degrees  and  40  degrees  from  the  center.  At  20  degrees  the 
error  due  to  this  source  begins  to  exceed  1  degree  of  field, 
gradually  increasing  until  a  maximum  error  of  5.5  degrees  is 
reached  at  50  degrees  from  the  center  (c/.  table.  Fig.  9).  It 
is  to  be  noted  that  this  table  of  errors  is  constant  for  the 
normal  field  no  matter  what  screen  distance  is  used. 

It  is  obvious  that  these  errors  could  be  compensated  by 
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shrinking  the  size  of  the  circles  on  the  screen  to  an  extent 
corresponding  with  the  error  at  the  various  points.  The 
only  difficulty  with  this  method  would  be  the  fact  that  the 
error  is  different  for  the  nasal  than  for  the  temporal  field, 
and  the  fact  that  the  actual  visual  angle  of  the  test-object 
used  is  variable.  Nevertheless,  it  is  the  least  that  can  be 
done  toward  correction.  It  simply  adds  an  empirical  cor- 
rection to  the  already  applied  geoinetric  or  tangent  correc- 
tion. 

'Umbrella  Errors. — The  umbrella,  marked  as  indicated  in 
Fig.  6,  is  correct  for  1000  mm.  distance,  and  if  eccentric 
fixation  is  used,  80  degrees  to  90  degrees  field  may  be  ob- 
tained practically  without  error.  Eccentric  fixation,  how- 
ever, can  be  used  on  only  one  meridian  at  a  time,  and  is 
rarely  used  in  routine  examination  except  in  studies  of  this 
sort. 

When  the  umbrella  is  used  at  500  mm.,  we  have  an  in- 
creasing error  due  to  the  method  of  marking,  as  will  be  noted 
from  a  study  of  Figs.  4  and  6.  The  error  due  to  curvature 
is  happily  a  decreasing  error  of  similar  magnitude.  These 
two  errors  neutralize  each  other  out  to  40  degrees,  where 
there  remains  a  0.7  degree  increasing  error.  At  50  degrees 
this  error  becomes  as  large  as  3  degrees  of  field.  It  is  evi- 
dent that  40  degrees  from  the  center  is  available  and  80 
degrees  in  case  eccentric  fixation  is  used.  These  errors  are 
calculated  in  the  same  manner  as  for  the  plane  screen. 

At  1500  the  error  is  negligible  until  30  degrees  from  the 
center  is  reached,  where  it  reaches  1.2  degrees  in  magnitude. 
Eccentric  fixation  will  permit  measurements  of  50  degrees 
and  60  degrees  with  no  increase  in  error. 

At  2000  and  2500  the  umbrella  is  not  so  accurate  as  at 
other  distances,  but  still  is  about  25  per  cent,  more  accurate 
than  the  plane  screen  in  the  30-degree  and  40-degree  regions 
when  eccentric  fixation  is  used,  being  2.5  degrees.  Thus  the 
umbrella  when  marked  as  described  is  a  very  practical  in- 
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strument,  although  the  combination  screen  is  better  for  dis- 
tances of  1500  mm.  and  more. 

Combination  Screen  Errors.— At  1000  nmi.  on  this  screen 
the  enor  does  not  exceed  1  degree  until  40  degrees  is  passed. 
At  50  degrees  there  is  a  maximum  decreasing  error  of  3.5 
degrees.  By  using  eccentric  fixation,  GO  degrees  to  80  de- 
grees are  available  without  error  over  1.2  degrees,  but,  of 
course,  the  umbrella  is  best  for  accuracy  in  these  regions. 

At  1500  mm.,  however,  the  combination  screen  is  better, 
having  an  error  of  less  than  1  degree  at  40  degrees.  By  using 
eccentric  fixation,  GO  degrees  or  more  are  available.  At 
2000  mm.  the  combination  screen  is  practically  correct,  hav- 
ing a  maximum  error  of  1.5  degrees  as  far  out  as  30  degrees. 
This  available  space  can  be  increased  to  50  degrees  or  60 
degrees  by  eccentric  fixation. 

At  2500  mm.  the  maximum  error  occurs  at  about  20  de- 
grees and  is  0.7  degree.  At  30  degrees  the  error  becomes 
zero,  and  40  degrees  from  the  center  are  available  without 
increasing  the  error  above  1  degree.  More  field  can  be  ob- 
tained by  eccentric  fixation,  l)ut  can  seldom  be  used  at  this 

Disc  Errors.— Having  noted  the  difficulty  in  making 
small  discs  to  exact  measurement,  we  determined  to  esti- 
mate the  error  due  to  a  variation  of  0.1  mm.  above  or  below 
the  diameter  desired.  This  is  a  very  easy  error  to  make  in 
cutting  paper  discs,  unless  a  steel  die  is  used  to  punch  them 
out  exactly  right,  as  has  been  done  in  making  our  discs.  In 
order  to  estimate  the  possible  error  from  this  source,  we  make 
the  supposition  that  one  observer  has  a  disc  actually  1.1 
mm.  in  diameter  which  he  is  using  as  a  1  mm.  disc,  while 
the  1  mm.  disc  of  another  observer  actually  measures  0.9 
mm.  in  diameter. 

Now  by  use  of  the  plot  (Fig.  2)  we  can  readily  find  the 
corresponding  visual  angle  for  each  of  these  diameters  when 
used  at  the  various  distances.     Then,  by  reference  to  the 
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plot  (Fig.  3),  we  may  find  the  field  which  should  be  gotten 
with  each  visual  angle.  The  difference  in  these  field  read- 
ings would  indicate  the  possible  error  in  field  degrees.  From 
this  data,  as  shown  in  the  table  (Fig.  10),  it  may  be  noted 
that  the  maximum  difference  between  the  readings  of  two 
such  observers  may  vary  theoretically  from  11.7  degrees  at 
2000  mm.  to  4  degrees  at  3000  mm.,  depending  on  the  char- 
acter of  the  field  curve  at  the  various  points. 

Distance  Error. — While  the  distance  from  the  patient's 
eye  to  the  screen  is  a  very  easy  matter  to  control,  and  should 
not  be  allowed  to  become  a  source  of  error,  we  will,  for  com- 
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pleteness,  make  an  estimate  of  the  possible  magnitude  of 
such  errors.  If  we  assume  in  one  case  that  the  patient's 
head  is  5  cm.  too  far  forward  and  in  another  case  5  cm.  too 
far  back,  we  can  determine  the  corresponding  effect  on  the 
visual  angle  of  discs  about  1  mm.  in  diameter.  From  our 
plot,  as  before,  we  may  estimate  the  difference  in  readings  in 
the  two  cases.  The  maximum  difference  may  rise  as  high 
as  8  degrees  at  500  mm.,  but  decreases  as  the  distance  in- 
creases. At  1500  there  will  be  a  3  degree  difference  which 
decreases  to  2  degrees  at  2000  and  1  degree  at  3000  mm. 
To  avoid  these  errors,  of  course,  requires  only  a  little  care. 
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We  have  used  a  small  chin-rest  standing  at  j)roper  distance 
on  a  black  table,  but  prefer  rather  to  use  the  suspension 
perimeter  chin-rest  with  the  perimeter  itself  turned  90  de- 
grees to  the  side.  The  chin-rest  and  eye-piece  are  corres- 
pondingly turned  (Fig.  8).  Marks  are  placed  on  the  hori- 
zontal ratchet  and  on  the  vertical  telescoping  tube  so  that 
the  apparatus  may  be  quickly  adjusted.  The  adjustment 
of  the  line  of  vision  to  normality  at  the  fixation-point  with 
the  screen  surface  is  not  difficult,  since  the  supporting  ap- 
paratus is  adjustable  as  to  height  and  the  plotting  board 
effect  of  the  square  tile  floor  fortunately  makes  further  ad- 
justment easy. 

Altogether  it  seems  evident,  from  a  study  of  the  various 
sources  and  magnitudes  of  error  in  quantitative  perimetry, 
that,  unless  considerable  effort  is  made  to  standardize  and 
control  numerous  variables,  the  results  of  different  observers 
will  fail  to  check  to  a  considerably  greater  extent  than  in 
ordinary  perimetry,  where  the  pitfalls  are  far  less  numerous. 
This  should  be  done,  since  unquestionably  quantitative  perim- 
etry is  the  most  valuable  and  fruitful  method  of  determin- 
ing important  early  functional  disturbances  in  the  optic 
nerve  and  retina.  To  make  a  suitable  complete  field  record 
is  a  most  important  part  of  these  examinations,  and  we  wish 
now  to  submit  a  chart  design  which  has  served  our  purposes 
admirably. 

The  New  Perimetric  Chart. — As  previously  mentioned,  the 
ordinary  chart  offers  some  difficulty  in  making  rapid  records 
by  our  method.  Accordingly,  we  have  constructed  a  new 
chart  in  order  to  avoid  many  of  these  difficulties,  as  well  as 
to  secure  numerous  advantages  which  we  will  discuss  while 
explaining  the  construction  of  the  chart. 

The  chart  was  drawn  about  twice  the  size  finally  desired 
in  order  to  obtain  very  fine  lines  in  the  reproduction.  This 
we  consider  extremely  desirable  in  order  to  make  the  field 
itself  stand  out  well,  especially  when  a  large  number  of  con- 
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tours  are  drawn  on  the  chart  with  ordinary  ink.  The  two 
visual  fields  are  joined  together  nasally  in  the  usual  manner. 
The  63-degree  point  on  the  horizontal  line  is  taken  as  the 
most  efficient  position  of  union  with  regard  to  the  saving 
of  all  necessary  space,  and  still  giving  satisfactory  extent 
nasally.  This  space  is  saved  because  we  desire  to  make  other 
positions  of  the  chart  as  large  as  possible.  The  ultimate 
size  of  the  reproduction  is  limited  by  the  size  of  our  ordinary 
hospital  history  page,  914  by  13  inches. 

Even  with  this  enlargement,  however,  it  is  desirable  to 
have  still  further  enlargement  about  the  center  of  the  field 
in  the  regions  where  the  records  for  the  smaller  visual  angles 
occur,  namely,  that  portion  of  the  field  within  the  30-degree 
circle.  Previous  attempts  have  been  made  to  get  this  very 
desirable  larger  scale  for  the  smaller  visual  angles,  resulting 
usually  in  a  separate  chart  for  screen  work  or  a  double  scale 
on  a  visual  chart.  We  have  overcome  this  difficulty  for  our 
purposes  very  satisfactorily  by  the  simple  device  of  using  a 
modified  Mercator  projection  scheme.  That  is,  the  distance 
representing  10  degrees  at  the  center  (0  degree  to  10  de- 
grees) has  been  made  double  the  distance  representing  10 
degrees  at  the  periphery  (80  degrees  to  90  degrees).  This 
we  have  found  to  give  ample  space  to  record  all  sizes  of  discs 
on  the  same  chart,  thus  avoiding  the  confusion  of  double 
charts  or  double  scales.  The  true  Mercator  projection  is  not 
satisfactory  peripherally. 

The  blind  spot  is  carefully  outlined  as  accurately  as  pos- 
sible with  regard  to  the  normal  size,  shape,  and  position  in 
the  field.  The  chart  also  has  a  definite  place  for  recording 
the  vision,  ^lame  of  patient  and  observer,  and  the  date. 
We  use  flat  circular  discs  and  prefer  the  notation  of  Bjerrum, 
• — ^disc  diameter  over  distance, — written  directly  on  the  line 
representing  the  field  for  the  disc  used. 

The  30-degree  meridians  are  put  in  solid  with  fine  dots 
every  2  degrees.     The  15-degree  meridians  are  also  put  in, 
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but  are  represented  only  by  dots  every  2  degrees.  The 
meridians  are  numbered  in  the  same  manner  as  the  axis  in 
refraction. 

We  have  further  found  it  a  great  aid  to  have  every  inter- 
section of  lines  labeled  with  a  single  digit  representing  de- 
grees from  the  center.  The  central  region  has  been  kept  as 
free  as  possible  by  erasing  all  lines  within  the  1 -degree  circle, 
leaving  only  a  small  dot  to  represent  the  exact  center. 

The  dark  portions  of  the  field  nasally,  above,  and  below, 
while  not  being  really  necessary,  seem  to  add  somewhat  to 
field  orientation.  The  usual  brow,  nose,  and  cheek  shadows 
are  omitted,  since  they  represent  an  artificial  and  not  a  true 
limitation  of  the  field,  as  shown  by  eccentric  fixation.  These 
areas  are  laid  in  by  the  so-called  ''Ben  Day  process." 

The  charts  are  printed  with  a  terra-cotta  ink,  for  two 
reasons:  First,  the  black  lines  of  the  field  drawn  on  the  chart 
show  up  better  against  a  colored  background ;  still  it  is  unde- 
sirable to  use  any  of  the  ordinary  field  colors.  Second,  we  de- 
sire a  color  that  will  photograph  well  in  case  we  desire  to  repro- 
duce it,  although  we  also  have  black  charts  for  this  purpose. 

The  charts  are  printed  on  a  sufficiently  thin,  tough,  Chi- 
nese linen-bond  paper,  so  that  if  two  charts  are  super- 
imposed in  register,  one  of  them  having  a  field  already  drawn 
on  it,  and  held  against  a  window-pane  or  light  surface,  the 
field  will  show  then  so  that  it  can  be  readily  and  quickly 
traced  on  the  other  chart.  This  is  a  very  comfortable  short 
cut  in  case  it  is  desirable  to  send  out  copies.  If,  however, 
there  is  not  time  for  this,  and  photographic  materials  are 
at  hand,  or  if  the  chart  can  be  sent  to  a  photographer,  it 
may  be  handled  exactly  as  if  it  were  a  negative  or  ordinary 
tracing  cloth,  and  blue  prints  or  other  prints  can  be  made 
quickly  and  cheaply.  These  prints  are  perfectly  readable, 
being  negative  only  in  respect  to  color. 

The  various  features  of  the  chart  may  be  noted  in  Fig.  1 1 , 
which  also  shows  a  series  of  normal  outlines  for  various  visual 
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angles  corresponding  to  the  heavy  curve  in  plot  (Fig.  3). 
Again,  in  Fig.  12  a  field  record  of  a  pituitary  case  is  given  to 


Fig.  11. — Field  chart  designed  to  receive  complete  field  record  of  all  visual 
angles  used,  avoiding  the  use  of  two  charts  or  two  scales.  To  the  right  the 
normal  field  readings  are  given  corresponding  to  the  plotted  values  (Fig.  3). 
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Fig.  12. — A  pituitarj'  field  to  show  capacity  of  new  chart. 

show  the  carrying  capacity  and  legibility  of  the   charts. 
They  are  reduced  in  these  figures. 
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In  conclusion  we  may  note  that  it  seems  certain  that  the 
results  of  various  observers  using  quantitative  perimetry 
may  fail  to  check  by  rather  large  margins  as  regards  the  ab- 
solute measurements,  though  the  diagnosis  may  not  thereby 
be  affected,  since  the  errors  are  usually  constant  throughout 
an  examination.  The  possibility  of  making  these  errors  in- 
creases as  the  visual  angle  of  the  test-object  decreases  below 
15  minutes.  To  reduce  these  errors  to  a  minimum  the  discs 
and  distances  used  must  be  accurate;  the  surfaces  used 
should  <be  of  high-grade  reflexless  black  material  and  of  ap- 
proximately correct  curvature.  The  test-object  should  be 
a  clean,  reflexless  white,  and  practically  rimless.  Black 
gown  and  gloves  should  be  worn  by  the  examiner.  Prob- 
ably if  these  factors  were  controlled  the  results  would  be 
sufficiently  uniform,  though  illumination  difficulties  would 
still  be  a  potential  source  of  variable  results.  This  latter 
factor  can  be  controlled  by  artificial  illumination  at  some 
expense.  We  are  convinced  that  mechanical  methods  of 
making  any  but  very  ordinary  records  are  unserviceable  in 
modern  perimetry,  and  that  by  use  of  convenient  apparatus, 
such  as  described,  and  by  cultivating  memory  of  readings, 
better  records  may  be  obtained,  since  thereby  the  observa- 
tion power  of  the  patient  is  conserved.  Without  doubt  the 
use  of  small  visual  angles  has  and  will  increasingly  continue 
to  enlarge  the  confines  of  our  knowledge  in  the  field  of  per- 
imetry. 
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SARCOMA  OF  THE  CHOROID  WITH  SECONDARY 

CHANGES. 

EDWARD  JACKSON,  M.D., 

Denver,  Col., 

AND 

WILLIAM  C.  FINNOFF,  M.D., 

Denver,  Col. 
(By  invitation.) 

The  following  case  is  of  especial  interest  on  account  of  its 
long  duration,  the  time  the  eye  was  retained  after  it  reached 
the  stage  of  secondary  glaucoma,  the  violent  orbital  inflam- 
mation that  led  to  its  removal,  and  the  significant  changes 
revealed  by  the  anatomic  study  of  the  globe. 

L.  L.,  a  ran-chman,  gave  the  follo'vving  history:  He  had 
observed  the  field  of  vision  of  the  left  eye  gradually  lost, 
beginning  with  the  upper  nasal  portion.  August  9,  1902, 
he  consulted  Dr.  Harold  Gifford,  of  Omaha,  to  whom  (and 
to  his  associate.  Dr.  J.  M.  Patton)  I  am  under  obligations 
for  notes  of  the  case.  "The  vision  of  the  right  eye=  20/20; 
left  =  light  perception.  There  was  extensive  retinal  detach- 
ment of  the  left  eye  above  and  around  the  whole  periphery 
below.  He  gave  a  history  of  having  been  struck  in  the  fore- 
head by  a  horse's  head  some  time  previous.  There  was  no 
notation  of  his  having  any  muscular  disturbance  at  that  time." 

Mr.  L.  also  gave  the  history  of  a  fall  on  the  back  of  the 
head,  and  suggested  that  his  trouble  might  have  come  from 
"sleeping  out  and  getting  chilled."  vSoon  after  seeing  Dr. 
Gifford  the  eye  began  to  turn  in,  and  the  deviation  gradually 
increased  until  it  reached  the  present  condition.  On  March 
22,  1910,  he  was  seen  by  Dr.  George  L.  Strader,  of  Cheyenne, 
who  kindly  informs  me  that  he  noted  detachment  of  the 
retina  and  complete  blindness  of  the  left  eye,   and  gave 
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glasses  for  the  right.  After  this  no  apparent  change  occurred 
in  the  eye  until  about  one  year  ago,  when  it  began  to  pain 
him  occasionally  and  to  get  somewhat  red. 

January  2(),  1!)15:  Prcserd  Condition:  A  healthy  man,  aged 
fifty.  Right  eye,  appearance  normal,  media  clear,  vessels 
in  good  condition,  fundus  normal.    V.  with  sph.  +  l=  1.2. 

Pupils  circular,  right  3  mm.,  left  4  mm.,  in  diameter;  both 
react  well  to  light  thrown  in  the  right  eye;  not  at  all  to 
light  thrown  in  the  left. 

LefteCye  has  no  light  perception.  It  converges  50  centrads, 
but  moves  freely  in  all  directions.  The  anterior  perforating 
veins  are  dilated.  There  is  a  thin,  band-like,  subepithelial 
opacity  of  the  cornea,  extending  horizontally  to  1  mm.  from 
each  limbus  and  5  mm.  wdde.  There  is  gray  opacity  of  the 
lens  nucleus  with  clear  cortex.  Tension  under  holocain 
(Gradle-Schiotz  tonometer):  Right  9  (28  mm.),  left  4  (52 
mm.).  Transillumination  gives  no  pupillary  glow  through 
the  temporal  (quadrant  of  the  sclera,  but  it  is  good  in  all  other 
directions. 

The  ophthalmoscope  shows  gray  opacity  of  the  lens  nucleus 
with  clear  cortex.  The  pupil,  dilated  to  6  mm.  with  euph- 
thalmin  and  cocain,  shows  red  reflex  in  the  periphery,  up- 
ward, inward,  and  downward,  but  not  outward. 

January  27th:  Under  pilocarpin  the  eye  has  become 
entirely  comfortable.  Enucleation  was  advised,  but  not 
allowed. 

February  6th:  His  eye  remained  comfortable  until,  on 
the  third  and  fourth  instant,  he  was  exposed  to  cold  on  the 
range.  On  the  fourth  it  became  painful.  The  tonometer 
show^s  4  (52  mm.).  The  eye  is  still  hyperemic  and  sensitive 
to  light  thrown  in  the  right  eye.  It  presents  no  point  of 
ciliary  tenderness,  but  there  is  slight  tenderness  when  the 
globe  is  pushed  back  into  the  orbit.  Pilocarpin  contracts 
the  pupil  from  4.5  mm.  to  2.5  mm.  The  patient  still  declined 
enucleation,  and  was  not  seen  again  for  seventeen  months. 

July  6,  1910:  The  eye  remained  comfortable  under  the 
use  of  pilocarpin  until  one  week  ago.  Then  it  became  sore  and 
swelled.  This  followed  getting  overheated  on  the  trail,  and 
bathing  his  feet  and  legs  in  very  cold  water.  The  eye  became 
painful  that  night.  The  lids  are  now  greatly  swollen,  the 
eye  pushed  forward,  the  conjunctiva  very  edematous  and 
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chemotic,  with  ecchymoses.  The  movements  of  the  eye  are 
greatly  limited  by  orbital  swelling. 

The  cornea  presents  a  grajdsh-yellow  ring  1  mm.  within 
the  imbus  and  1  mm.  wide.  Within  this  ring  the  cornea  is 
dark  in  color  and  quite  opaque.  There  is  rather  free  con- 
junctival discharge,  smears  from  which  prove  negative. 

July  7th:  The  eye  was  enucleated  under  ether.  It  was 
found  tightly  wedged  into  swollen  orbital  tissue  to  which  the 
globe  was  tightly  adherent  and  much  of  which  was  removed 
with  the  eyeball,  especially  the  tissue  around  the  optic  nerve. 
The  enucleation  was  followed  by  free  bleeding.  There  was 
little  subsequent  pain,  and  recovery  was  uneventful.  On 
July  12th  he  left  the  hospital,  ecchymoses  and  discharge 
diminishing.     On  July  14th  all  dressings  were  omitted. 

He  continues  in  good  health  and  the  orbit  remains  healthy. 
An  artificial  eye  is  worn  with  comfort. 

Macroscopic  Examination. — The  globe  was  very  hard. 
The  cornea  has  a  yellowish  ring  near  the  periphery,  and  the 
remainder  of  the  cornea  is  opaque. 

Anteroposterior  diameter,  24  mm.,  the  transverse,  24.5 
mm.  The  stump  of  the  optic  nerve  is  8  mm.  long.  The 
vitreous  chamber  is  filled  with  a  reddish-brown  mass  which 
resembled  an  old  hemorrhage.  The  anterior  chamber  is 
filled  with  a  whitish  exudate.  The  anterior  chamber  is  2  mm. 
deep.  A  2  mm.  pupil.  Anteroposterior  diameter  of  the  lens 
is  b}4,  mm.,  transverse,  9  mm. 

The  globe  was  fixed  in  Zenker's  fluid  and  embedded  in 
celloidin.  Sections  were  stained  with  hematoxylin  and  eosin, 
Mallory's  connective-tissue  stain.  Van  Gieson's  stain,  with 
iodin,  and  for  iron. 

Microscopic  Examination. — The  corneal  epithelium  varies 
in  thickness.  At  the  limbus  it  is  five  or  six  cells  deep;  this 
rapidly  thins  to  a  layer  made  up  of  one  or  two  cells.  In  the 
center  and  in  other  areas  there  is  a  complete  absence  of  cor- 
neal epithelium,  and  Bowman's  membrane  constitutes  the 
anterior  layer. 

Bowman's  membrane  is  finely  granular,  and  is  intact 
throughout.  It  in  are  several  round  and  oval  areas  of  degen- 
eration which  stain  blue  where  hematoxylin  and  eosin  are 
used;  blue  with  Mallory's  connective-tissue  stain;  red  with 
Van  Gieson's,  and  brown  with  iodin.    They  are  more  numer- 


Jackson  AND  Finnoff:  Sarcoma  of  the  Choroid.      197 

ous  where  the  epithehal  covering  of  the  cornea  has  been 
lost. 

The  substantia  propria  is  infiltrated  from  the  linihus  to 
the  center  of  the  cornea  with  numerous  flattened  cells  which 
show  the  various  stages  of  degeneration.  The  infiltrate  occu- 
pies the  spaces  between  the  corneal  lamellse.  Near  the  lim- 
bus  the  cells  infiltrate  only  the  spaces  in  the  posterior  half 
of  the  substantia;  at  a  point  three-fourths  of  a  millimeter 
from  the  limbus  the  infiltrate  occupies  the  whole  depth  of 
the  substantia.  At  this  place  they  are  more  closely  packed 
together  in  the  spaces,  occupying  the  anterior  one-half  of  the 
corneal  substance.  The  infiltrate  occupies  the  whole  depth 
of  the  sul)stantia  for  about  1  mm.,  and  then  gradually  con- 
fines itself  to  the  anterior  one-half  of  the  cornea.  This  gives 
the  section  of  the  corneal  infiltrate  a  triangular  appearance, 
the  base  being  the  denser  portion  and  the  apex  the  thinner 
portion  in  the  center.  A  ring  1  mm.  wide,  located  about 
three-fourths  of  a  millimeter  from  the  limbus,  corresponds 
to  the  very  dense  infiltration  of  cells  which  occupies  the  whole 
depth  of  the  substantia.  The  ring  resembles,  histologically, 
the  peripheral  annular  infiltrate  which  occasionally  follows 
perforating  wounds.  The  cells  infiltrating  the  substantia 
have  wandered  so  far  from  their  source  of  nourishment  that 
the  majority  have  undergone  degeneration  and  their  identity 
is  entirely  lost.  The  nuclei  are  completely  disintegrated. 
Only  after  prolonged  search  over  several  sections  with  the 
oil-immersion  lens  a  few  cells  were  found  which  had  not  been 
completely  degenerated,  and  can  be  identified  as  polymoi- 
phonuclear  leukocytes  and  lymphocytes.  Blood-vessels  have 
not  proliferated  into  the  cornea. 

Near  the  center  of  the  cornea  the  corneal  lamellae  become 
swollen  by  edema.  Small  areas  of  degeneration,  which  are 
similar  in  appearance  and  staining  reaction  to  those  found 
in  Bowman's  membrane,  are  seen  scattered  through  the  cor- 
neal lamellje.  Just  under  the  epithelium,  at  the  limbus  cor- 
nea?, opposite  the  termination  of  Bowman's  membrane,  is  a 
mass  of  hyaline  degeneration. 

Descemet's  membrane  is  intact,  and  only  an  occasional 
corneal  endothelial  cell  can  be  found  on  its  posterior  surface. 

The  epithelium  of  the  limbus,  cornea,  and  conjunctiva 
is  invaded  with   numerous  polymorphonuclear  leukocytes. 
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In  the  loose  stroma  of  the  hmbus  and  the  conjunctiva  non- 
pigmented,  spindle-shaped  sarcoma  cells  surround  the  blood- 
vessels. This  tissue  is  also  infiltrated  with  polj^norphonu- 
clear  leukocytes  and  lymphocytes. 

In  several  sections  Schlemm's  canal  is  packed  with  tumor- 
cells.  The  meshwork  of  the  iris  angle  is  also  filled  with  these 
cells,  red  blood-corpuscles,  and  polymorphonuclear  leuko- 
cytes. The  spaces  which  are  not  filled  with  cells  are  com- 
pressed by  the  iris,  which  has  been  pushed  forward. 

There  is  a  pronounced  peripheral  anterior  sj-nechia  of  the 
iris  to  the  cornea.  The  whole  filtration  angle  is  blocked,  and 
the  iris  is  adherent  to  the  cornea  for  about  1  mm. 

The  anterior  chamber  is  filled  with  an  exudate  of  fibrin, 
a  few  scattered  polymorphonuclear  leukocytes,  and  erythro- 
cj'tes.  Small  round  collections  of  pus-cells,  resembling 
minute  abscesses,  are  seen  in  the  exudate.  Near  the  iris  the 
exudate  has  pigment-granules  scattered  through  it. 

The  pupil  is  2  mm.  in  diameter  and  is  not  occluded  by  any 
inflammatory  membrane.  The  pupillary  margin  of  the  iris  is 
covered  with  a  mass  of  degenerated  pigment  epithelium  and 
fibrin,  which  bows  forward  and  results  in  a  Y^ry  striking 
ectropium  uvese. 

Several  of  the  iris  crypts  are  filled  with  degenerated  leuko- 
cytes. The  iris  vessels  are  filled  with  blood,  and  several  of 
them  are  surrounded  by  an  infiltrate  of  leukocj^tes.  The 
iris  stroma  is  swollen  by  edema.  There  are  many  pus-cells 
between  the  sphincter  fibers.  The  pigment  epithelium  of  the 
iris  has  undergone  a  very  marked  degeneration.  Pigment- 
granules  have  wandered  from  the  cells  and  invaded  the  pos- 
terior and  anterior  chambers  and  iris  stroma.  The  cells  with 
their  nuclei  have  lost  all  their  normal  characteristics.  Rest- 
ing on  the  temporal  one-third  of  the  posterior  surface  of  the 
iris  is  a  pigmented  mass  which  contains  degenerated  pig- 
ment epithelial  cells,  polymorphonuclear  leukocytes,  fibrin, 
and  numerous  pigment-granules.  The  protoplasm  of  the 
leukocytes  in  this  area  is  filled  with  the  pigment-granules. 
There  is  no  synechia  of  the  iris  to  the  lens-capsule. 

The  epithelium  of  the  ciliary  body  has  undergone  a  more 
complete  degeneration  than  that  of  the  iris.  The  ciliary 
processes  are  devoid  of  epithelium.  The  blood-vessels  are 
engorged   with   red   cells   and  leukocytes.     The  stroma  is 
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hazy  from  (hIoiiui.  Tuiiior-cc^lls  and  leukocytes  have  invaded 
this  structure  and  s(>parate  the  fiber's  in  many  places.  A 
cyclitic  membrane  extends  from  the  ciliary  body  to  the 
posterior  surface  of  the  lens.  The  exudate  has  undergone 
organization  in  many  places.  Capillary  loops,  fibroblasts, 
and  connective  tissue  are  j)resent.  The  exudate  is  invaded 
with  leukocytes  and  pigment-granules. 

Thei^  is  almost  complete  degeneration  of  the  retina;  only 
near  the  optic  nerve  can  a  few  nerve-fibers  be  found. 

The  choroid  of  the  temporal  one-half  of  the  globe  is  one 
mass  of  sarcoma  cells.  The  tumor  mass  replaced  the  vitreous 
in  two-thirds  of  the  globe.  Near  the  sclera  the  tumor-cells 
are  well  developed;  but,  as  the  middle  of  the  globe  is  ap- 
proached, the  tumor  changes  in  appearance  and  becomes  a 
mass  of  degenerated  cells.  The  cells  in  the  degenerated  por- 
tion of  the  tumor  have  lost  their  outline  and  many  of  their 
pigment-granules.  The  blood-vessels  of  this  portion  have 
shared  in  the  degeneration,  and  hemorrhages  have  taken 
place,  completely  replacing  the  vitreous  in  the  greater  por- 
tion of  the  globe  with  red  cells  and  fibrin.  Occasionally  a 
blood-vessel  is  found  in  the  degenerated  portion  of  the  tumor, 
which  is  surrounded  by  several  layers  of  new-formely  healthy 
sarcoma-cells.  In  the  tumor  are  many  scattered  polymor- 
phonuclear leukocytes  and  lymphocytes.  In  some  areas  in 
the  tumor  and  exudate  dense  collections  of  these  cells  are 
found.  Around  the  blood-vessels  of  the  sarcomatous  choroid, 
near  the  sclera,  are  collections  of  lymphocytes.  In  some  areas 
this  infiltration  is  very  dense.  On  the  nasal  side  of  the  globe 
the  choroid  is  not  so  thick,  and  a  few  areas  resembling  nor- 
mal choroid  can  be  seen.  In  the  choroid  near  the  nerve 
there  is  an  area  of  ossification.  In  the  remainder,  between 
the  blood-vessels,  are  well-developed  sarcoma-cells.  The 
lamina  vitrea  on  this  side  of  the  globe  is  intact  and  has  many 
warts  upon  it.  The  pigment  epithelium  of  the  choroid  has 
undergone  a  degeneration  which  is  similar  to  that  of  the 
cihary  body  and  iris. 

The  sclera  in  many  places  is  invaded  with  degenerated 
leukocytes  similar  to  taose  seen  in  the  cornea.  The  para- 
vascular spaces  of  the  hnterior  and  posterior  ciliary  vessels 
and  the  vena  vort  icosaare  invaded  with  sarcoma-cells.   The 


200      Jackson  and  Finnoff  :  Sarcoma  of  the  Choroid. 

cells  can  be  traced  from  the  intraorbital  tumor  through  these 
spaces  to  the  orbital  tissue. 

There  is  a  deep  glaucomatous  cupping  of  the  nerve-head; 
the  cup  is  three-fourths  of  a  millimeter  deep,  and  is  filled 
with  an  exudate  of  fibrin  and  red  blood-corpuscles.  The 
vessel-walls  in  the  optic  nerve  are  thickened  and  the  vessels 
are  surrounded  by  a  dense  infiltrate  of  lymphocytes. 

The  vitreous  is  detached  and  pushed  forward  behind  the 
lens  by  the  tumor  and  hemorrhage.    The  lens  is  cataractous. 

The  tissue  which  adhered  to  the  globe  during  enucleation 
is  invaded  with  tumor-cells  which  surround  the  blood-vessels. 

Diagnosis. — Spindle-cell  melanosarcoma  of  the  choroid, 
with  metastasis  through  the  globe  into  the  conjunctival  and 
orbital  tissue.  A  mild  panophthalmitis  with  a  peripheral 
annular  infiltrate  of  the  cornea  without  perforation  of  the 
globe.  A  cataractous  lens  and  a  secondary  glaucoma  follow- 
ing a  choroidal  sarcoma. 

The  first  striking  feature  in  this  case  is  its  duration — over 
fourteen  years  from  the  time  sight  was  noticeably  impaired, 
and  two  and  one-half  years  after  glaucomatous  symptoms 
had  arisen  until  the  eye  was  enucleated.  It  is  certain  that 
detachment  of  the  retina  had  occurred  when  the  eye  was 
first  seen  by  Dr.  Gifford.  That  the  detachment  was  due  to 
the  development  of  the  sarcoma  is  probable.  The  impair- 
ment of  vision  began  in  a  portion  of  the  visual  field  corre- 
sponding to  the  situation  of  the  growth  and  was  gradually 
progressive.  The  patient's  description  of  how  the  field  was 
affected  was  spontaneous,  definite,  and  obtained  before  the 
location  of  the  growth  had  been  determined.  The  history 
of  other  possible  causes  of  detachment  was  such  as  might  be 
obtained  in  any  case  of  loss  of  sight. 

That  the  diagnosis  of  sarcoma  w^as  not  made  earlier  by 
competent  men,  like  Dr.  Gifford  and  Dr.  Strader,  does  not 
militate  against  this  view.  The  evidence  upon  which  a 
diagnosis  could  be  based  had  not  then  developed.  Probably 
every  ophthalmologist  of  moderate  experience  has  encoun- 
tered cases  of  retinal  detachment  in  which  choroidal  sarcoma 
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was  a  possible  explanation  of  the  symptom;  yet  in  the  ab- 
sence of  other  evidence  pointing  in  that  direction  such  a 
theory  was  dismissed  and  in  most  cases  rightly  disregarded. 
Even  where  there  was  considerably  more  reason  to  suspect 
sarcoma  the  failure  to  make  the  diagnosis  could  scarcely 
reflect  on  the  skill  of  the  surgeon. 

Lawford  has  published  a  case*  in  which  the  tumor,  seen 
at  the  temporal  side  of  the  macula,  did  not  cause  him  to 
suspect  its  nature  until  the  patient  returned  more  than  three 
months  later.  In  1868  Mortonf  reported  a  case  in  which 
iridectomy  was  done  for  glaucoma,  and  two  weeks  later, 
there  being  no  relief,  the  eye  was  enucleated  and  found  to 
contain  a  tumor  that  occupied  one-half  the  posterior  cham- 
ber. Again,  our  competent  and  careful  colleague,  the  late 
Dr.  W.  B.  Marple,t  reported  a  case  in  which  he  had  done 
iridectomy  for  glaucoma,  and  within  five  weeks  had  enu- 
cleated the  eye,  finding  a  sarcoma  12  by  14  mm.  In  this  case 
the  growth  had  already  extended  beyond  the  globe,  so  that 
he  did  exenteration  of  the  orbit  five  weeks  later. 

Such  a  protracted  course  as  our  case  pursued  is  b}^  no 
means  unknown.  Zentmayer§  has  recently  reported  the 
case  of  a  man,  aged  forty-nine  years,  who  two  years  before 
had  noticed  a  scotoma.  Corresponding  to  the  scotoma  was  a 
mound-like,  steel-gray,  somewhat  mottled  swelling  in  the 
fundus.  The  patient  refused  enucleation  and  disappeared; 
seven  years  after  the  initial  symptom  he  returned  with  acute 
secondary  glaucoma.  The  eye  had  remained  quiet,  except 
for  one  congestive  attack.  Enucleation  revealed  mixed-cell 
melanosarcoma,  10  by  7.5  mm. 

Kipp'sll  case  was  yet  more  striking.  His  patient  was  seen 
at  the  age  of  sixty-four  years,  with  the  right  retina  already 

*  Ophthalmic  Review,  xxxiv,  p.  97. 

t  Trans.  Amer.  Ophth.  Soc,  1868,  p.  39.  X  Ibid.,  vol.  xi,  p.  193. 

§  Tran.s.  College  of  Physicians  of  Philadelphia,  xxxvii,  p.  429. 

II  Trans.  Amer.  Ophth.  Soc,  ix,  p.  332. 
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detached,  but  so  transparent  that  two  semiglobular  vascular 
masses  of  dark  color  could  be  seen  through  it.  She  refused 
enucleation.  Sixteen  years  later  she  returned  because  the 
left  eye  was  becoming  blind,  A  year  after  she  was  first  seen 
the  right  eye  had  been  violently  inflamed  for  many  months, 
and  then  it  became  quiet  and  shrunken.  Again  enucleation 
was  refused.  Six  years  later,  or  twenty-two  years  after  it 
was  first  advised,  the  eye  was  removed  for  hemorrhage  from 
a  fungoid  mass  that  had  begun  to  protrude  about  one  year 
before.  The  growth  was  a  melanosarcoma  in  which  spindle- 
cells  prevailed. 

The  case  reported  by  Nettleship,*  when  first  seen,  was 
noticed  as  having  a  normal  fundus;  but  sixteen  months 
later  presented  a  spot  below  the  macula,  with  a  center  of  dull 
grayish-black  with  definite  edges  and  a  pale-gray  zone 
around  it,  the  whole  quite  as  large  as  the  opaque  disc.  Two 
years  after  that  the  patch  still  appeared  flat  and  not  decidedly 
larger.  Then  the  patient  was  not  seen  for  seventeen  years, 
when  Richardson  Cross  examined  the  case  and  found  a 
rounded  mass,  seen  with  a  sph.  +  lO  D.  lens,  suggestive  of 
sarcoma.  Four  years  later  he  came  to  Mr.  J.  B.  Lawford 
for  secondary  glaucoma,  and  the  eye  was  excised,  almost 
twenty-four  years  after  the  spot  was  first  noticed. 

How  often  sarcoma  starts  in  the  choroid  but  never  de- 
velops sufficiently  to  attract  attention  and  lead  to  a  diagnosis 
we  have  no  means  of  knowing.  But  it  is  remarkable  that 
several  cases  of  the  kind  are  to  be  found  in  the  literature. 
Ginsberg!  demonstrated  to  the  Berliner  Ophthalmologische 
Gesellschaft,  March,  1911,  an  unpigmented  sarcoma,  0.8  by 
0.3  mm.,  found  in  the  choroid  of  a  man  aged  thirty-two 
dying  of  nephritis. 

At  the  meeting  of  this  Society  in  1911 J  Fuchs  demonstrated 

*  Royal  Society  of  Medicine,  vi,  Section  on  Ophthal.,  p.  1. 
t  Centralb.  f.  praktische  Augenheilk.,  1911,  p.  106. 
X  Trans.  Amer.  Ophth.  Soc,  xii,  p.  787. 
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three  such  cases,  the  Inr^ost  of  which  was  2.25  by  1  by  0.25 
mm.  in  size,  that  were  disc()V(>rc(l,  one  postmortem  in  the 
eye  of  a  patient  dying  of  cysticercus  of  the  fourth  ventricle, 
and  the  others  in  eyes  enucleated,  one  for  glaucoma,  the 
other  fof  corneal  suppuration.  When  we  consider  the  com- 
paratively small  number  of  eyes  submitted  to  careful  ana- 
tomic investigation,  the  number  of  three  choroidal  sarcomata 
thus  discovered  by  one  observer  seems  strikingly  large. 

The  peculiarity  of  the  present  case,  which  it  shares  with 
those  of  Nettlcship  and  Zentmayer,  is  its  long  period  of 
gradual  development  without  any  interruption  by  violent 
inflammation,  followed  by  shrinking  of  the  eyeball.  Most 
of  the  prolonged  cases  give  a  history  of  general  ocular  in- 
flammation follow'ed  by  shrinking,  as  in  Kipp's  case,  and 
there  are  others,  like  the  case  reported  by  Roy,*  in  which 
it  is  pro})able  that  the  sarcoma  has  developed  in  an  eye  pre- 
viously diseased. 

This  matter  of  the  early  recognition  and  study  of  choroidal 
sarcoma  through  the  period  of  development  is  of  great  im- 
portance, as  stated  by  II.  Foster  Moore  if  "It  is  clearly  of 
the  greatest  importance  not  to  remove  an  eye  in  which  the 
only  flaw  is  an  innocent  stationary  growth  which  causes  no 
symptom  and  no  defect;  on  the  other  hand,  it  is  imperative 
to  remove  at  the  earliest  possible  moment  an  eyeball  con- 
taining a  growth  which  is  a  menace  to  the  patient's  life." 

The  course  of  these  protracted  cases  indicates  that  within 
the  eye  influences  are  exerted  which  may  retard  or  wholly 
check  the  development  of  such  growths.  One  of  these  is 
probably  the  influence  on  cell  life  of  intraocular  pressure. 
The  efTect  of  abnormally  high  intraocular  pressure  is  fairly 
well  known  through  the  changes  produced  in  previously  nor- 
mal tissues  by  glaucoma.     It  is  rather  probable  that  the 

*  Trans.  American  Ophtli.  Soc,  xii,  p.  188. 

t  Royal  London  Ophthalmic  Hospital  Reports,  xix,  p.  424. 
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normal  intraocular  pressure  exerts  some  such  influence  unfav- 
orable to  the  cell  life  of  a  new-growth. 

However,  another  factor  must  be  considered.  Every  in- 
vasion of  the  human  organism,  or  development  within  it  of 
adverse  forces,  is  met  with  some  sort  of  effective  resistance. 
What  forms  this  resistance  takes  in  the  case  of  sarcoma  we  do 
not  know.  But  some  of  the  pathologic  phenomena  associated 
with  sarcoma  are  manifestations  of  that  resistance.  In  the 
present  case  two  sets  of  facts  are  to  be  considered  from  this 
point  of  view.  When  the  patient  was  seen  February  26,  1915, 
the  inflammatory  reaction  present,  following  exposure  to 
cold,  was  something  more  than  a  mere  exacerbation  of  glau- 
coma. And,  again,  when  he  came  to  have  the  eye  enucleated, 
he  presented  a  low-grade  panophthalmitis  with  severe  orbital 
cellulitis.  The  ring  infiltration  of  the  cornea,  closely  resem- 
bling ring  abscess,  was  a  striking  symptom.  The  adhesions 
found  during  enucleation  indicated  similar  extensions  of 
inflammation  from  the  globe  on  former  occasions. 

Such  attacks  have  also  been  recorded  as  the  most  striking 
feature  of  other  cases  of  choroidal  sarcoma.  Veasey*  records 
a  case  in  which  the  eyeball,  enucleated  in  an  attack  of  marked 
orbital  cellulitis,  "was  found  to  contain  a  large  lobulated 
dark  growth  occupying  the  greater  part  of  the  posterior  half 
of  the  globe."  Myashitaf  reports  two  cases.  In  one  atten- 
tion was  first  attracted  to  the  eye  by  an  attack  of  "tenoni- 
tis." There  was  floating  detachment  of  the  retina  that  dis- 
appeared after  scleral  puncture.  Two  years  after  the  first 
there  was  a  second  attack  of  "tenonitis."  Shortly  after 
this  acute  glaucoma  set  in  and  the  eyeball  was  removed. 
The  sclera  was  adherent  to  surrounding  tissue,  and  flat, 
spindle-cell  sarcoma  of  the  choroid  was  found.  In  his  second 
case  conjunctival  ecchymosis  set  in  after  vision  had  been 
affected  for  six  months.    The  eye  was  slightly  prominent  and 

*  Annals  of  Ophthalmology,  xx,  p.  83. 

t  KHn.  Monatsbl.  f.  Augonheilk.,  March,  1911,  p.  288. 
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its  movements  were  painful.  An  area  of  altered  choroid  was 
disco vonul.  Six  months  later  the  "tenonitis"  recurred,  and 
the  choroidal  patch  showed  more  the  appearance  of  a  tumor. 
The  eye  was  excised,  and  a  spindle-cell  sarcoma  found  in  the 
outer  layers  of  the  choroid. 

Myashita  quite  logically  associates  his  cases  with  the 
numerous  cases  of  violent  inflammation  and  shrunken  globe, 
and  of  sympathetic  ophthalmia  associated  with  choroidal 
sarcoma.  He  lays  stress  on  the  harmful  products  of  tissue 
necrosis  as  a  cause  of  such  inflammation,  but  it  seems  pos- 
sible that  the  forces  in  question  are  operative  from  the  begin- 
ning of  the  growth  of  the  sarcoma.  In  Myashita's  cases  the 
orbital  inflammation  came  early.  In  our  case  the  most 
striking  thing  about  the  specimen  was  that  it  stained  so 
badly;  not  only  tumor-cells  and  exudates,  but  even  the  tis- 
sues normally  present.  Some  influence  had  profoundly  inter- 
fered with  the  nutrition  of  every  cell  in  the  eyeball.  Coats, 
commenting  on  Myashita's  paper,*  calls  attention  to  these 
"cases  in  which  not  only  the  tumor  itself  but  all  other  intra- 
ocular structures  are  necrotic."  In  reporting  on  a  very  small 
sarcoma  of  the  choroid  removed  by  Bullerf  Adami  says,  with 
reference  to  certain  spindle-shaped  collections  of  pigmenti 
"Not  having  been  able  to  recognize  the  nucleus  of  any  of 
these  masses,  it  is  not  possible  for  me  to  state  with  absolute 
certainty  that  these  are  cells."  The  determination  as  to 
whether  degenerative  changes  such  as  are  here  discussed 
usually  set  in  before  the  intraocular  tension  is  notably  in- 
creased would  help  to  throw  light  upon  their  causation. 

DISCUSSION. 

Dr.  E.  C.  Ellett,  Memphis,  Tenn. :  I  should  like  to  re- 
port briefly  a  similar  case  and  raise  a  point  that  has  occurred 
to  me  in  connection  with  it.     The  patient  was  a  lady,  aged 

*  Ophthalmic  Review,  xxx,  p.  310. 

t  Trans.  Amer.  Ophth.  Soc,  vii,  p.  378. 
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fifty-two  years,  whom  I  saw  February  1,  1917,  eight  days 
after  the  onset  of  an  attack  of  acute  glaucoma.  She  told 
me  that  the  eye  had  been  blind  for  six  months.  Tension, 
90  mm.  with  the  McLean  tonometer,  and  she  presented  all 
the  phenomena  of  acute  glaucoma.  The  anterior  chamber 
was  shallow,  the  cornea  being  in  apposition  with  the  iris. 
There  were  two  things  that  aroused  my  suspicion:  the  ex- 
treme shallowness  of  the  anterior  chamber  and  the  history 
of  blindness  preceding  the  attack  of  glaucoma — neither  of 
which  would  justify  any  other  conclusion  than  glaucoma; 
yet  in  the  light  of  an  unfortunate  experience  that  I  had  had 
in  another  case  I  was  apprehensive.  Medical  treatment 
had  no  effect,  and  I  trephined  the  eye  without  accident. 
About  thirty-six  hours  after  operation,  on  dressing  the  eye, 

1  found  a  large  protrusion  of  intraocular  contents  through 
the  trephine  opening.  There  had  been  no  coughing  or  other 
accident,  but  there  was  a  dark  mass  protruding  out  of  the 
opening  and  still  attached  to  the  interior  of  the  eye.  My 
suspicion  of  an  intraocular  tumor,  which  I  had  entertained 
from  the  beginning,  became  so  strong  that  I  advised  enuclea- 
tion, to  which  the  patient  consented,  and  I  took  the  eye  out. 
On  hardening  it  and  making  a  section  of  the  eye  I  found  a 
tumor  extending  along  the  inside  of  the  ball  down  and  in 
from  the  disc.  It  measured  3  mm.  in  thickness,  and  11  or 
12  in  breadth,  and  extended  along  the  sclera  to  a  point 
7  mm.  from  the  optic  nerve.  On  section  it  proved  to  be  a 
sarcoma.  The  point  that  these  somewhat  similar  cases  have 
suggested  to  me  is  to  view  with  suspicion  any  case  of  acute 
glaucoma  which  gives  a  history  of  previous  blindness.  They 
may  be  cases  of  glaucoma  simplex  that  have  developed  an 
acute  attack,  so  I  think  that  in  saying  that  we  should  view 
these  cases  with  suspicion  is  putting  it  as  strongly  as  present 
information  justifies. 

Dr.  John  E.  Weeks,  New  York:  The  specimen  shown 
under  the  microscope  presents  an  infiltration  of  small  cells, 
such  as  obtains  in  interstitial  keratitis;  also  a  condition  of 
"blood-slaining"  of  the  cornea,  the  clear  zone,  about  1.5  or 

2  mm.  in  width  at  the  margin  of  the  cornea,  and  the  light 
ring  inclosing  the  area  of  brownish  discoloration,  is  the  pic- 
ture that  we  get  in  blood-staining  of  the  cornea.     In  these 
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cases  disorganized  l)l()()d-clot  is  invariably  present  in  the 
anterior  chamber.  In  this  case  exenteration  of  the  orbit 
is,  in  my  opinion,  indicated,  as  the  sarcoma-cells  have  pene- 
trated the  sclera  and  have  entered  orbital  tissue.  Recur- 
rence in  the  orbital  tissue  will  ensue  unless  exenteration  is 
performed. 

Dr.  T.  B.  Holloway,  Philadelphia:  In  regard  to  blood- 
staining  of  the  cornea,  referred  to  by  Dr.  Weeks,  I  should 
like  to  call  attention  to  the  discoloration  that  has  been  ob- 
served about  the  periphery  of  the  cornea  in  certain  cases  of 
pseudo-sclerosis.  The  symptoms  in  these  cases  simulate 
multiple  sclerosis.  Several  years  ago  I  placed  the  data  of 
such  a  case  on  record. 

Dr.  Edward  Jackson,  Denver,  Col. :  What  was  referred 
to  in  the  paper  was  the  superficial,  band-like  opacity  of  the 
cornea.  Such  an  opacity  always  stops  a  millimeter  or  so 
from  the  margin  on  each  side.  In  this  case  the  opacity  was 
observed  when  the  patient  was  first  seen,  eighteen  months 
before  the  eye  was  enucleated.  It  was  quite  a  thin  opacity 
through  which  we  could  get  the  fundus  reflex.  Apparently 
it  was  (juite  superficial.  It  is  difficult  to  identify  with  it  any 
of  the  microscopic  appearances  unless  we  suppose  that  the 
changes  in  Bowman's  membrane  and  the  layer  beneath  it, 
in  these  degenerative  areas,  belong  to  that  band-like  opacity. 
When  the  eye  was  enucleated,  the  dark  stain  of  the  cornea 
concealed  everything  else. 


REPORT  OF  A  CASE  OF  BILATERAL  INFERIOR 
HEMIANOPSIA. 

HENRY   H.    TYSON,    M.D., 

New  York. 

The  following  case  is  of  interest  on  account  of — (1)  The 
length  of  time  the  patient  lived  after  the  manifestation  of 
the  ocular  signs  of  the  pronounced  neuroretinitis  albumi- 
nurica;  (2)  its  complex  nature;  and  (3)  the  infrequency  of 
occurrence. 

On  April  16,  1908,  I  saw  in  consultation  Mrs.  R.  B.,  aged 
fifty-three  years,  who  had  chronic  interstitial  nephritis  with 
high  blood-pressure,  and  who  complained  of  loss  of  vision  in 
her  right  eye  and  of  failing  vision  in  her  left  eye.  She  stated 
that  four  days  previously,  upon  awakening,  her  eyeballs 
felt  bruised  and  were  painful  upon  rotation;  and  that  two 
days  later  her  vision  failed  suddenly.  She  had  pain  in  her 
left  frontal  region  and  at  the  base,  her  scalp  felt  sore  to  the 
touch,  and  she  had  a  sensation  of  coldness  of  her  nose  and 
kept  it  covered  with  flannel.  History  and  examination  for 
lues,  tuberculosis,  and  of  nose,  sinuses,  throat,  and  teeth 
were  negative.  Ocular  examination :  Pupils  moderately  di- 
lated, react  to  light,  convergence,  and  consensually;  right 
sluggish.  Motility  fair,  except  limitation  of  conjugate  move- 
ments to  the  right  and  left  sides,  with  greatest  diminution 
manifested  in  movements  toward  the  left  side.  Tension  normal. 
V.  O.  D.  =  perception  of  light ;  0.  S.  =  nasal  hemianopsia.  Eye- 
backgrounds  show  appearance  of  neuroretinitis  albuminurica 
cum  hsemorrhagica.  Urinalysis — albumin  and  hyaline  casts. 
Specific  gravity,  1012.  April  21st:  Fundi  show  double 
choked  discs  about  3  D.;  vision  nil;  pupils  dilated;  light 
reaction  negative.  Dr.  L.  P.  Clark  made  a  thorough  neuro- 
logic examination  of  case  and  found  no  evidence  of  any 
pressure  symptoms  except  those  in  the  eyes,  and  considered 
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the  cause  to  be  an  edema  of  the.  third  and  lateral  ventricles 
(serous  meningitis — Quincke's  disease).  Quincke,  Oppen- 
heim,  and  others  have  found  this  condition  associated  with 
chronic  interstitial  nephritis,  pneumonia,  and  typhoid  fever. 
On  April  .SOth  candle  flame  could  be  recognized  in  left  su- 
perior fields  and  a  trifle  to  the  left  of  the  vertical  meridian, 
but  not  in  the  centers  of  fields.  Ophthalmoscopic  examina- 
tion shows  edema  of  discs  receding.  May  7th:  Headaches 
have  disappeared.  Counts  fingers  at  two  feet  in  superior 
fields,  partial  bilateral  inferior  hemianopsia  with  candle 
flame  as  test.  Small  objects  as  test  give  total  loss  of  inferior 
fields.  Optic  discs  getting  pale,  edges  blurred,  numerous 
striated  hemorrhages,  arteries  small  and  contracted.  May 
17th:  V.  O.  D.=  15/200;  O.  S.=  20  200;  perceives  candle 
flame  in  all  parts  of  visual  fields  except  right  inferior  quad- 
rants (right  inferior  quadrant  anopsia).  Movements  of 
hand  and  small  objects  not  recognized  in  either  quadrant  of 
inferior  fields.  Experiences  flashes  of  light  projected  in 
inferior  fields  and  has  morning  headaches.  July  8th:  0.  D. 
=  20/40;  O.  S.  =  20/30  with  glasses ;  reads  J.3  with  diflficulty. 
Inferior  fields  defective  to  within  5°  of  fixation  with  5  mm. 
square  test  object.  May  19,  1909:  V.  O.  D.=  20/50;  O.  S.= 
20/20  with  glasses.  Occasional  flashes  of  light  appear  in 
nasal  field  of  left  eye;  visual  fields  same  as  last  test.  April 
11,  1917:  V.  O.  D.=  15/200;  with  cyl.  +  1.25  ax.  0°=  20/40; 
O.S.=  15/200;  with  sph.  +  1.25ocvl.  + 1.25  cyl.  ax.  0°  = 
20/30.  With  sph.+3  D.  added  reads  J.3  with  difficulty. 
Visual  fields  O.  D.  contracted  below  to  within  3°  fixation; 
O.  S.  to  within  5°  of  fixation.  Colors  10  mm.  square  con- 
tracted to  fixation  below.  Visual  fields  in  superior  halves 
contracted  concentrically  (Fig.  1).  Pupils  react  to  light 
convergence  and  consensually.  Wernicke  hemiopic  pupil- 
lary reaction  present.  Vision  nulle  present  interiorly. 
Blood-pressure  190  s.,  140  d.  Eye-backgrounds  show  white 
optic  nerves,  physiologic  cup  filled  in  with  organized  in- 
flammatory exudate,  atrophy  of  choroid  at  margin  of  disc. 
0.  D.,  vessels  tortuous  (cork-screw),  arteries  contracted, 
veins  moderately  dilated. 

At  the  beginning  of  treatment  a  lumbar  puncture  and  de- 
compression operation  were  indicated  and  were  urged,  but 
14 
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were  refused,  as  were  any  operative  procedures.  Treatment 
consisted  of  hot  packs,  laxatives,  etc.,  light  diet  and  salicy- 
lates, with  potassium  iodid  later.  In  the  large  majority  of 
this  class  of  cases  with  fundus  changes  above  enumerated 
our  experience  leads  us  to  expect  an  unfavorable  outcome  as 
regards  life  within  a  period  of  about  two  or  three  years  from 
the  time  of  the  appearance  of  the  ocular  signs.  This  case 
has  proved  to  be  one  of  the  exceptions  to  this- rule  by  still 
enjoying  life  after  a  period  of  nine  years.  The  main  point 
of  interest,  however,  is  the  cause  of  the  hemianopsia  and 


Fig.  1. — Heavy  line,  field  for  white.     5  mm.  te.st-object. 

form  of  visual  fields.  The  cause  of  the  concentric  contrac- 
tion of  the  fields  superiorly  is  no  doubt  due  to  the  degenera- 
tive changes  in  the  retina  and  optic  nerves  as  a  result  of  the 
inflammatory  changes  induced  by  the  neuroretinitis,  and 
the  same  cause  may  be  said  to  have  exerted  some  effect  on 
the  inferior  fields,  but  here  we  must  look  further  for  some 
cause  having  a  uniform  bilateral  effect  in  order  to  explain 
the  symmetric  fields;  and,  as  we  find  that  inflammation 
of  the  upper  surface  of  the  chiasm  causes  inferior  altitudinal 
hemianopsia,  we  may  assume,  from  the  history  of  this  case. 
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that  such^a  condition  existed,  having  })een  induced  by  an 
extension  from  the  anterior  end  of  the  third  ventricle  which 
is  directly  above  it.  The  persistence  of  the  bilateral  right 
inferior  quadrant  anopsia,  which  manifested  itself  during 
the  early  part  of  the  course  of  this  case,  would  lead  one  to 
suspect  a  lesion  in  the  region  of  the  cuneus,  and,  according  to 
Marie  and  Chatelin's  observations,  it  would  be  located  in  the 
superior  margin  of  the  calcarine  fissure  of  the  left  side.  It 
is  possible  that  such  a  lesion  co-existed  with  the  others  pre- 
viously mentioned.  But,  as  the  history  of  this  case  indicates, 
and  can  be  explained  by  a  chiasmal  lesion,  I  am  inclined  to 
disregard  it  as  a  contril)uting  cause  of  the  hemianopsia. 

L.  C.  Peter  states  that  bilateral  altitudinal  hemianopsia  is 
usually  of  chiasmal  origin,  and  occurs  more  frequently  than 
text-books  and  literature  would  seem  to  indicate.  Even 
with  the  supposedly  unreported  cases  added  to  those  re- 
ported, I  consider  them  interesting  enough  to  prompt  me  to 
add  this  one  to  the  literature  on  the  subject. 
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NEUROMA    EMBRYONALE    OF    LEFT     LATERAL 

VENTRICLE   OF   BRAIN   WITH   DOUBLE 

CHOKED  DISC. 

ROBERT    SCOTT    LAMB,    M.D., 
Washington,  D.  C. 

The  condition  here  recorded,  though  not  extremely  rare, 
is  of  comparatively  infrequent  occurrence,  and  therefore 
of  sufficient  interest  to  warrant  its  report.  In  connection 
with  the  case,  roentgenograms  are  exhibited,  taken  b}'  Dr. 
Groover  while  the  patient  was  in  the  Episcopal  Eye  and  Ear 
Hospital,  which  show  clearly  corrugations  in  the  skull  caused 
by  long-continued  pressure  from  within;  also  a  photograph 
of  the  inside  of  calvarium  showing  corrugations;  and  slides 
of  the  growth,  together  with  the  brain,  showing  tumor  in  situ. 

The  patient,  Ruth  M.,  was  brought  to  the  Episcopal  Eye, 
Ear,  and  Throat  Hospital  February  8,  1916,  and  was  ad- 
mitted for  observation  and  survey.  During  the  examination 
in  the  out-patient  department  it  was  disco\'ered  she  had  a 
double  choked  disc.  Various  examinations  were  made  to 
ascertain  a  possible  cause  for  the  neuroretinitis  present. 
Wassermann  was  negative,  urinalysis  negative,  as  were  also 
sinus  and  dental  examinations.  At  that  time  general  neuro- 
logic examination  discovered  nothing  to  assist  in  the  diag- 
nosis of  what  was  thought  to  be  brain  tumor.  However,  a 
roentgenogram  clearly  indicated  a  brain  tumor,  the  bony 
changes  showing  marked  corrugations  in  the  inner  table  of 
the  skull  caused  b}^  the  internal  hydrocephalus,  producing 
such  pressure  against  the  bone  as  practicall}-  to  impress  the 
convolutions  of  the  brain  upon  the  inner-  table.  Whereas 
the  internal  hydrocephalus  might  come  from  other  causes, 
undoubtedly  brain  tumor  is  usually  accompanied  bj^  it. 

As  there  was  nothing  in  the  way  of  treatment  at  the  time 
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which  could  bo  offered  except  a  decompression  operation, 
this  was  advised,  and  heinp;  refused  by  the  parents,  the  pa- 
tient was  discharged  P'ebruary  8th  and  refei'red  to  Chil- 
dren's Hospital,  from  where  she  returned  home,  and  Dr. 
Mulcahy  was  called  to  see  her.    He  reported  as  follows: 

Was  called  to  see  Ruth  M.  at  her  home  some  time  during 
March,  lOlO.  Found  the  patient  to  be  a  girl  in  her  eleventh 
year.  Was  told  she  had  been  referred  from  Episcopal  Hos- 
pital by  Dr.  Lamb  to  Children's  Hospital.  She  was  treated 
there  for  central  lesion  for  two  weeks. 

I  found  her  suffering  with  intense  pain  in  the  head — as  she 
expressed  it,  it  felt  as  if  her  head  would  burst;  she  also  had 
pain  in  her  left  leg.  She  was  unable  to  sleep  and  had  con- 
vulsions from  time  to  time,  during  which  her  body  remained 
rigid  for  two  and  three  days.  For  the  persistent  headache 
and  convulsions  I  had  to  keep  her  under  the  influence  of 
morphin  sulphate.  There  is  nothing  of  note  in  her  past 
history. 

Present  History. — She  is  totally  blind;  her  pupils  dilated 
and  immobile;  her  sense  of  hearing  is  so  diminished  it  is 
necessary  to  shout  into  her  ear.  Her  temperature  is  sub- 
normal— about  97°  to  98°  F.;  pulse-rate  averaging  96;  ap- 
petite fair;  suffers  with  nausea  and  vomiting;  bowels 
were  constipated;  heart  and  lungs,  normal.  Very  irritable; 
would  cr}^  and  moan  constantly;  had  convulsive  movements 
of  arms  and  hands,  and  gradually  passed  into  an  apathetic 
state,  with  her  legs  flexed  and  immovable,  and  became  greatly 
emaciated. 

About  four  months  after  my  first  visit  she  had  a  discharge 
of  a  gelatinous  substance  from  the  nose,  followed  by  great 
relief  from  headache  for  several  days.  She  relapsed  into  her 
former  state  of  pain  in  the  head,  moaning  constantly,  grow- 
ing weaker,  and  passed  away  February,  1917. 

The  treatment  was  symptomatic:  saturated  solution  of 
potassium  iodid  in  large  doses,  which  I  discontinued  as  use- 
less after  two  months;  morphin  and  phenacetin  relieved  her 
headache.  This  sums  up  her  history  during  my  attendance 
on  this  case. 

Having  kept  track  of  the  child  through  the  kindness  and 
courtesy  of  Dr.  Mulcahy,  I  found  it  possible  to  obtain  a 
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postmortem.  This  was  made  by  Dr.  \an  Sweringen  and 
myself,  under  difficult  conditions.  The  house  was  a  very 
small  one,  only  one  small  window  in  the  room  giving  rather 
poor  light,  which  accounts  for  the  relatively  poor  photograph 
of  the  inside  of  the  calvarium.  This  photograph  was  made 
in  view  of  the  fact  that  we  were  unable  to  obtain  the  cal- 
varium, as  the  undertaker  felt  he  could  not  afford  to  spare 
it,  owing  to  lack  of  a  proper  substitute. 

The  entire  brain  was  removed,  including  the  orbital  plates 
of  the  frontal  bone,  and  that  bone  surrounding  the  optic 
foramen.  The  brain  was  thoroughly  hardened  and  later  ex- 
amined.   Dr.  Van  Sweringen's  description  follows: 

''The  tumor,  which  is  extremely  soft  and  friable,  is  of  a 
pinkish-gray  color,  streaked  with  reddish  yellow.  On  section 
it  somewhat  resembles  the  arbor  vitse  of  the  cerebellum.  It 
occupies  the  entire  left  lateral  ventricle,  which  it  has  greatly 
distorted  and  dilated,  and  measures  9  by  5  by  6  cm.  Its 
origin  is  indeterminable,  but  most  likely  the  ependyma.  The 
opposite  (right)  ventricle  is  greatly  dilated  and  distorted, 
and  is  the  seat  of  a  simple  hydrocephalus.  There  is  much  less 
pressure  atrophy  of  the  brain  substance  than  one  might  ex- 
pect to  find." 

Sections  were  sent  to  Dr.  Verhoeff,  of  Boston,  and  Dr. 
Collins  ^Marshall,  of  Washington,  in  addition  to  the  one  ex- 
amined by  Dr.  Van  Sweringen.  The  reports  of  these  three 
gentlemen  are  as  follows: 

Dr.  Verhoeff:  "The  tumor  of  the  brain  that  you  sub- 
mitted to  me  for  examination  I  find  to  be  a  so-called  glioma. 
It  is  very  cellular  and  shows  little  differentiation.  There  is 
none  of  the  cyst  you  describe  in  the  specimen  you  sent  me, 
but  there  are  areas  of  necrosis,  so  that  no  doubt  the  cj'st  repre- 
sented a  large  area  of  necrosis.  I  have  suggested  the  name 
'neuroma  embryonale'  for  such  tumors,  as  more  accurate 
than  the  conventional  term  'glioma.'  Your  tumor  presents 
no  especially  unusual  features  from  a  histologic  standpoint." 
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Dr.  Van  Swerinp;cn:  "The  tumor  is  very  cellular,  being 
composed  of  cells  of  the  normal  glia  type,  with  a  tendency  to 
arrangement  in  the  irregular  masses  with  clear  intervening 
spaces.  Blood-vessels  are  comparatively  few;  here  and  there 
small  blood-spaces  may  be  seen.  On  account  of  its  cellu- 
larity,  some  pathologists  would  undoubtedly  classify  it  as 
gliosarcoma." 

Dr.  Marshall:  "An  examination  of  the  portion  of  the 
tumor  you  sent  me  shows  a  portion  of  the  brain  apparently 
unaffected  by  the  new-growth  in  the  choroid  plexus,  which 
consists  of  glial  cells  arranged  to  form  rosets  around  the 
vessels.  ( Irowth  was  evidently  very  rapid.  I  should  describe 
it  as  a  gliosarcoma,  although  the  piece  of  tissue  does  not 
include  a  region  showing  infiltration  of  the  neighboring 
structures." 

In  reporting  this  case  it  seems  that  one  of  the  most  valu- 
able aids  to  a  differential  diagnosis  is  the  a;-ray,  and  yet  I 
cannot,  from  my  own  experience,  say  that  the  corrugations 
in  the  skull,  as  indicated  in  the  .r-ray  plate,  are  pathogno- 
monic of  brain  tumor.  I  have  in  mind  one  case  which  has  tre- 
mendously upset  my  former  l)elief  that  these  corrugations 
were  definitely  diagnostic  of  brain  tumor,  and  that  patient 
is  a  young  woman  whose  symptoms  were  certainly  suspicious 
of  brain  tumor,  and  whose  roentgenogram  of  the  head  showed 
definite  corrugations  in  the  internal  plate  of  the  skull;  yet 
all  these  symptoms,  even  her  headache,  have  disappeared  for 
five  or  six  months  coincident  with  the  administration  of  in- 
ternal secretory  substance.  This  case  I  am  still  watching, 
and  hope  at  some  time  to  report  the  findings ;  and  in  spite  of 
this  one  adverse  experience,  unquestionably,  these  corruga- 
tions are  considered  suggestive  of  brain  tumor.  It  would 
seem,  therefore,  worth  while,  in  all  suspected  cases  of  brain 
tumor,  to  have  the  .r-ray  as  an  aid  to  accurate  diagnosis. 

Whereas,  of  course,  some  of  the  members  are  particularly 
familiar  with  such  brain  tumors  as  we  have  here,  I  feel  sure 
some  have  not  been  so  fortunate  as  to  have  seen  even  one 
such  tumor,  and  I  am  very  glad,  therefore,  to  have  an  op- 
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portunity  to  bring  before  you  this  case  report  and  whatever 
evidence  I  may  have  shown  regarding  it. 

DISCUSSION. 

Dr.  T.  B.  Holloway,  Philadelphia:  In  reference  to  these 
so-called  corrugations,  usually  referred  to  as  digital  impres- 
sions, I  hardly  think  they  can  be  regarded  as  diagnostic  of 
brain  tumor.  These  impressions  are  quite  conspicuous  in 
certain  cases  of  cranial  deformity,  where  there  is  usually 
present  an  exophthalmos,  also  a  divergent  squint,  and  fre- 
quently a  nj^stagmus.  Two  or  three  years  ago  I  recorded 
the  histories  of  two  of  these  cases,  and  referred  to  the  various 
theories  concerning  the  bony  changes,  and  also  the  sugges- 
tion of  Fletcher  that  possibly  some  alteration  in  the  equilib- 
rium of  the  ductless  glands,  particularly  the  pituitary  body, 
might  have  some  influence.  Within  the  past  year  another 
such  case  has  come  under  my  observation  where  there  was  an 
unusual  development  of  the  lower  jaw.  In  women  these 
cranial  deformities  are  more  or  less  deceptive,  owing  to  the 
facility  with  which  they  can  be  concealed  by  appropriate 
hair-dressing. 

Dr.  Robert  Scott  Lamb,  Washington,  D.  C:  I  should 
like  to  refer  to  the  case  herein  reported  for  comparison  of 
convolution  markings.  The  case  was  that  of  a  young  girl 
in  whom  a  diagnosis  of  brain  tumor  was  made,  after  the 
usual  tests  of  spinal  puncture,  cell  count,  Wassermann,  and 
blood  count.  There  was  beginning  a  double  choked  disc, 
an  especially  marked  blindness  in  one  ej^e,  and  only  20/50 
vision  in  the  other.  One  roentgenogram  was  taken  on  Oc- 
tober 15,  1916.  I  had  another  taken  the  other  day  because, 
under  the  administration  of  xV  grain  of  posterior  pituitary 
and  lutein  tablets,  one  of  each,  after  meals,  the  girl  has  come 
from  an  almost  imbecilic  tj^pe  to  one  of  normal  character. 
Her  menstruation  has  returned,  and  her  whole  mentality 
has  improved.  The  second  x-ray  report  showed  that  the 
convolution  markings  on  the  inner  table  of  the  skull  were 
less  distinct  than  at  the  previous  examination.  The  radiog- 
rapher classed  the  skull  as  a  normal  one.  I  think  that  we 
should  keep  in  mind  the  fact  that  these  corrugations  may 
mean  only  a  physiologic  internal  hydrocephalus. 


RECURRENT  NEUROEPITHELIOMA. 

G.    ORAM    RING,    M.D., 

Philadelphia. 

The  purpose  of  this  brief  communication  is  to  record  the 
history  of  a  tragic  little  case  in  which  the  note  of  warning 
sounded  at  an  initial  visit  was  totally  disregarded  by  the 
parent.  The  patient  immediately  visited  another  clinic,  at 
which  excision  of  eyeball  was  not  performed  until  about 
seven  months  had  elapsed.  The  child  was  dismissed  as 
cured  in  two  weeks  after  enucleation,  and  no  pathologic 
examination  of  the  eyeball  made. 

Six  weeks  after  the  enucleation  the  writer  personally 
saw  the  patient  for  the  first  time;  regarded  an  extensive 
recurrent  orbital  growth  as  inoperable  by  ordinary  surgical 
means,  and  exhibited  the  case  before  the  Ophthalmic  Sec- 
tion of  the  College  of  Physicians  of  Philadelphia. 

Electrothermic  surgery  was  then  considered  as  a  last 
resort,  consultation  sought  with  Dr.  William  L.  Clark,  and  a 
method  evolved  by  means  of  which  an  enormous  malignant 
neoplasm  nearly  half  the  size  of  the  child's  head  was  removed 
at  a  time  when  collapse  seemed  impending,  which  removal 
prolonged  the  child's  life  approximately  six  months,  with 
marked  improvement  in  general  physical  condition  up  to  the 
period  of  a  spinal  metastasis,  of  which  the  writer  was  not 
immediately  advised,  as  it  was  regarded  by  the  family  physi- 
cian as  probably  rheumatic  until  paralytic  symptoms  de- 
veloped. 

Esther  K.,  aged  eight  years,  visited  the  ophthalmic  clinic 
of  the  Protestant  Episcopal  Hospital  on  January  7,  1916, 
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following  a  trauma  to  the  left  eye,  the  accident  and  not  the 
primary  condition  constituting  the  reason  for  seeking  relief. 

The  advice  given  by  Dr.  Hopkin,  senior  member  of  my 
dispensary  staff,  was  immediate  admission  to  the  hospital 
for  further  study  and  probable  enucleation.  The  failure  to 
accept  the  advice  given  resulted  in  passing  of  an  opportunity 
at  our  hands  of  early  intervention  that  might  have  ranked 
the  case  as  one  of  the  13  per  cent,  of  recoveries  of  the  so- 
called  gliomata,  or,  in  the  later  phrasing  of  Flexner  and 
Wintersteiner,  of  neuroepitheliomata. 

The  mother  never  observed  any  difference  in  the  child's 
eyes  until  December,  1915,  when  she  was  accidentally  struck 
in  the  left  eye  with  a  potato.  Treatment  for  three  weeks 
was  given  by  the  family  physician,  at  the  end  of  which  time 
the  appearance  volunteered  by  the  parents  as  suggesting  a 
''cat's  eye"  caused  advice  to  be  sought.  Hospital  notes  are 
as  follows:  V.  O.  D.=  20/16;  0.  S.=  12/200.  Right  eye  is 
in  all  respects  normal.  Left  eye,  eyeball  white,  iris  re- 
sponsive but  tremulous.  The  lens  was  dislocated  up  and 
in — partly  covered  with  exudation  from  the  ciliary  body. 
The  lower  half  of  the  retina  is  detached;  two  whitish  areas 
of  degeneration  beyond  the  outer  edge  of  the  disc  are  pres- 
ent; the  irregular  retinal  elevation,  suggesting  a  solid 
background,  but  patient  extremely  irritable  and  difficult 
to  examine.  Efforts  to  transillumine  were  not  successful. 
Tension  about  normal.  No  dilated  capillary  vessels  could 
be  detected  upon  the  surface  of  the  elevation. 

Diagnosis. — Traumatic  lenticular  dislocation;  retinal  de- 
tachment; probable  glioma;  advice  given:  immediate  ad- 
mission to  hospital  for  further  study  and  probable  enuclea- 
tion. 

At  the  second  institution  visited  the  condition  was  thought 
to  have  been  oi'iginally  a  pseudoglioma,  but  within  two 
months  enucleation  was  advised.  Visits  were  said  to  have 
been  irregular  during  the  spring  and  summer  months,  and 
according  to  the  mother  the  eyeball  began  to  enlarge  during 
April. 

While  at  play  with  a  little  companion  on  August  8th  the 
latter  ran  toward  the  patient,  striking  her  head  violently — a 
sort  of  left-sided  head-on  collision,  causing  the  left  eye  and 
eyelids  to  become  greatly  swollen.     Immediate  relief  was 
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now  sought  at  the  dispensary  where  the  child  had  been  pre- 
viously in  attendance,  when  it  was  found  the  eyeball  had 
ruptured.  Enucleation  was  performed.  Healing  was  ap- 
parently prompt,  and  the  child  was  dismissed  in  nine  days. 
Th(^  hospital  was  visited  regularly  for  two  weeks,  when  an 
artificial  eye  was  suggested.  Unfortunately,  no  histologic 
examination  of  the  eye  was  made  at  that  time.  One  week 
later,  or  about  one  month  after  the  enucleation,  recurrence 
in  the  orbit  was  said  to  have  been  noted. 

The  latter  part  of  October  the  writer  saw  the  case  for  the 
first  time  upon  its  having  been  admitted  to  his  service  at  the 
Episcopal  Hospital,  with  an  extensive  recurrent  growth  fill- 
ing the  entire  orbit  and  projecting  from  it,  with  pressure 
and  infiltration  into  the  lids.  It  grew  with  great  rapidity, 
and  when  exhibited  before  the  College  of  Physicians,  pre- 
sented an  appearance  somewhat  smaller  than  indicated  upon 
the  photograph.  The  anterior  surface  was  ulcerated,  bled 
easily  each  time  the  dressing  was  removed,  and  emitted  a 
characteristic  disgusting  odor  of  necrotic  tissue. 

It  was  not  possible  to  make  a  complete  sinus  examination, 
but  as  nearly  as  could  be  determined  by  Dr.  Biedert  and 
myself  it  was  negative.  There  was  some  slight  enlargement 
of  the  lymphatic  glands  of  the  neck.  General  physical 
examination  was  negative.  A  portion  of  the  eyeball  was 
ultimately  found,  and  the  report  made  by  Dr.  C.  Y.  White, 
director  of  the  laboratory  of  the  Episcopal  Hospital,  was  that 
the  growth  was  a  typical  neuroepithelioma. 

After  a  perfectly  frank  explanation  of  the  hopelessness  of 
the  condition  was  made  to  the  parents,  an  explanation  which 
pointed  out  the  entire  likelihood  of  metastasis  being  already 
present,  although  no  clinical  symptoms  seemed  evident,  it 
was  decided  to  attempt  destruction  of  the  growth  by  an 
electrothermic  procedure,  which,  so  far  as  is  known,  was 
used  for  the  first  time  in  such  a  condition.  As  the  electric 
facilities  of  the  Episcopal  Hospital  did  not  include  the  high- 
frequency  apparatus,  the  child  was  temporarily  admitted, 
through  the  courtesy  of  Dr.  Dorrance,  to  St.  Agnes'  Hospital, 
where  the  operation  was  performed  by  Dr.  Clark,  Novem- 
ber 27,  1916.  The  instrumentation  and  technic  are  entirely 
due  to  the  resourcefulness  of  Dr.  Clark,  and  the  details  of 
the  method  are  from  his  pen: 
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"The  current  employed  was  the  bipolar  d'Arsonval,  ob- 
tained from  a  one-half  k.w.  transformer,  which  was  devised 
for  the  production  of  the  various  high-frequency  currents. 
The  current  strength  employed  was  2000  to  2500  milliam- 
peres.  The  active  electrode  used  in  the  first  stage  of  the 
operation  was  a  chain  snare,  formerly  devised  for  peduncu- 
lated uterine  fibroids.  The  passive  electrode  was  a  brass 
disc  three  inches  in  diameter,  which  was  placed  on  top  of  the 
growth  and  pressed  in  place  by  an  attached  handle  to  insure 
a  good  contact.  A  No.  27  copper  wire  was  fastened  to  the 
metal  handle  of  the  snare  by  means  of  a  strip  of  adhesive 
plaster,  and  a  heavier  insulated  wire  attached  to  the  handle 
which  held  the  disc  electrode.  Four  thicknesses  of  rubber 
dam  were  drawn  over  the  growth  and  engaged  the  pedicle, 
for  the  purpose  of  protecting,  as  far  as  possible,  the  skin  of 
the  cheek,  nose,  and  brow.  After  the  snare  approximated  the 
pedicle  and  the  disc  electrode  was  in  place,  the  current  was 
regulated  to  the  proper  intensity,  and  as  coagulation  took 
place  at  the  points  of  contact  the  snare  was  graduall}'  tight- 
ened until,  after  about  ten  minutes,  the  growth  was  separ- 
ated flush  with  the  orbit  without  appreciable  loss  of  blood. 

"The  second  stage  of  the  operation,  in  which  much  of  the 
growth  in  the  orbit  was  removed,  was  accomplished  by  a 
different  technic.  The  same  current  was  used;  the  active 
electrode  was  a  knitting-needle  cut  to  a  suitable  length  (four 
inches),  and  the  passive  electrode,  which  consisted  of  mois- 
tened asbestos  with  a  metallic  cover,  was  placed  on  the  back 
of  the  patient,  both  connected  by  ordinary  insulated  wire. 
Much  of  the  growth  was  cureted  away  after  coagulation  by 
the  current,  but  not  all,  as  it  was  not  considered  prudent 
to  remove  it  all  at  that  time  on  account  of  the  weak  con- 
dition of  the  patient  and  the  close  proximity  to  the  brain. 

"Twelve  days  following  there  appeared  to  be  some  re- 
currence, when  the  patient  was  anesthetized  and  the  sarne 
technic  employed  as  was  described  in  the  second  stage  of 
the  first  operation,  with  the  addition  that  the  periosteum 
was  stripped  from  the  orbit  and  the  orbit  evacuated  of  its 
entire  contents. 

"Two  weeks  later  a  full  dose  of  Roentgen  rays  was  given 
directly  through  the  orbit,  and  the  ordinary  cross-fire  doses 
from  other  angles.     Half-doses  were  repeated  two  weeks 
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following.     I  believe  this  heroic  x-ray  treatment  had  much 
to  do  with  preventing  recurrence." 

The  circumference  of  the  growth  at  the  time  of  operation 
was  just  short  of  20  inches. 

It  was  feared  that  the  shock  of  complete  removal  of  the 
orbital  contents  at  the  time  of  the  first  operation  might  be 
too  great,  and  the  writer  suggested  that  the  small  amount 
of  remaining  orbital  tissue  be  postponed  for  the  second  inter- 
vention ten  days  later.  There  w^as  a  rise  of  temperature  to  a 
trifle  over  100  degrees  at  each  operation.  The  improve- 
ment in  the  child's  condition  after  the  second  operation  was 
definite  and  steady. 

As  the  orbit  became  lined  with  epithelium  which  did  not 
show  the  slightest  sign  of  mahgnancy,  the  child's  color, 
appetite,  weight,  and  activity  all  indicated  a  very  marked 
betterment,  until  we  almost  became  hopeful  that  we  had 
escaped  metastasis. 

Less  than  a  week  after  the  abstract  of  this  meeting  was 
received,  and  having  had  reports  of  continued  progress  for 
five  months,  I  was  informed  that  late  in  April  the  child 
began  to  complain  of  shooting  pains  in  the  lower  limbs, 
which  were  regarded  as  rheumatic  by  her  family  physician, 
but  which  rapidly  increased  and  were  accompanied  by  evi- 
dent symptoms  of  paralysis  of  the  legs,  with  impairment  of 
rectal  and  bladder  functions. 

On  May  8th  Dr.  Charles  W.  Burr,  consulting  neurologist 
to  the  Episcopal  Hospital,  saw  the  child  in  consultation 
with  Dr.  Clark  and  myself.  The  result  of  his  examination 
is  embodied  in  the  following  note: 

"A  complete  flaccid  palsy  in  both  legs.  Both  knee-jerks 
very  slight.  No  anesthesia.  The  muscles  were  flabby  and 
there  was  no  definite  local  wasting.  No  ankle-clonus.  Loss 
of  control  of  bladder  and  rectum.  The  back  of  the  right 
buttock  was  reddened  and  looked  as  if  a  bed-sore  would  soon 
appear.  A  distinct  bony  kyphosis  in  the  lower  dorsal  re- 
gion, about  the  ninth  dorsal  vertebra,  was  present.     Some 
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pain  on  percussion  over  the  spine  in  this  region.  Diagnosis: 
Mj^ehtis  due  to  secondary  mahgnant  growth  of  the  spine." 
An  x-ray  study  of  the  entire  spine  was  immediately  made, 
and  lateral  as  well  as  anteroposterior  plates  made  of  the 
region  of  the  eighth  and  ninth  dorsal  vertebrae,  which  region 
represented  the  location  of  the  spinal  lesion,  but  although 
the  plates  were  clear  the  result  was  negative.  About  four 
days  later  two  convulsions  occurred  at  intervals  of  ten  hours, 
which  were  followed  by  complete  unconsciousness  and  death. 
An  autopsy  was  denied. 

The  ocular  malignant  growths  in  children  are  fortunately 
rare,  but  their  extreme  gravity  makes  it  incumbent  upon  us 
to  bring  to  bear  upon  any  suspicious  cases  every  possible 
direct  and  collateral  study.  The  combination  of  the  trauma, 
resulting  in  the  lenticular  dislocation  with  exudation  and  the 
added  malignant  disease,  marks  the  case  as  one  of  especial 
interest.  In  neuroepithelioma  or  glioma  the  anterior  cham- 
ber is  apt  to  be  shallow.  In  vitreous  exudations  the  chamber 
is  apt  to  be  peripherally  deepened.  Here  we  had  the  exu- 
dation following  the  traumatism  with  the  malignant  disease, 
but  with  an  approximately  normal  anterior  chamber. 

The  matter  of  tension  as  aiding  in  the  diagnosis  is  always 
of  interest,  it  being  said,  upon  a  former  occasion,  that  we  may 
have  a  minus,  a  low  plus,  or  a  normal  tension  during  the 
early  stage.  As  a  rule,  however,  a  normal  tension,  and,  of 
course,  to  a  much  greater  extent  a  plus  tension,  should 
point  to  malignant  disease,  given  other  suggestive  factors. 

As  was  also  said  by  the  writer  in  a  former  communication 
before  the  Section  of  Ophthalmology  of  the  College  of 
Physicians,  an  exploratory^  puncture  in  supposed  intraocular 
growths  invites  extrabulbar  extension  and  metastasis.  The 
three  varieties  of  these  growths  are:  First:  Neuroepitheli- 
oma exophytum,  usually  characterized  by  several  nodes, 
minute  in  size,  growing  somewhat  toward  the  vitreous  but 
spreading  in  the  subretinal  space,  forming,  by  their  con- 
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fluence,  a  tuberous  deposit.  Second:  A  general  thickening 
of  the  entire  retina,  later  proHferating  into  uneven  and  pro- 
tuberant growths,  forming  the  diffuse  variety,  or  neuro- 
epithelioma planum.  Third:  The  extension  of  the  growth 
wholly  in  the  direction  of  the  vitreous,  the  choroid  remaining 
attached,  the  prominent  surface  or  surfaces  being  lobulated 
or  cauliflower  like,  constituting  the  neuroepithelioma  en- 
dophytum. 

With  the  exhaustive  studies  of  Wintersteiner  we  are 
doubtless  all  familiar — studies  which  place  the  origin  of 
these  growths  in  the  neuroepithelium  of  the  retina,  and 
classify  them  as  one  of  three  types  according  to  these  meth- 
ods of  growth,  the  distinction  being  possible  only  in  the 
quite  early  stages,  such  classification  not  in  any  way  modi- 
fying the  dictum  of  immediate  excision  of  the  ball,  prompt 
microscopic  study  and  equally  prompt  orbital  exenteration, 
if  infiltration  of  the  nerve  posterior  to  the  eyeball  points  to 
an  extension  of  the  malignant  disease. 

Thus  and  thus  only  is  it  possible  occasionally  to  save  a 
life  of  a  patient  so  afflicted.  It  is  generally  conceded  that 
operation  in  recurrence  is  useless,  in  such  instances  there 
being  grave  danger  of  death  upon  the  operating  table. 

In  the  last  edition  of  de  Schweinitz  the  peculiar  rosets 
described  by  Flexner,  Wintersteiner,  and  other  authors, 
which  are  composed  of  elements  resembling  the  rod-and- 
cone  visual  cells,  constitute  the  reason  for  naming  these 
growths  neuroepitheliomata.  This  explanation  is  ques- 
tioned by  Alt  and  by  Ginsburg.  Other  authors  in  recent 
editions  have  accepted  the  newer  nomenclature  for  all  these 
growths  as  scientifically  correct  and  as  replacing  the  older. 
■  A  so-called  spontaneous  cure  is  quoted  by  de  Schweinitz 
from  Lindenfield,  and  another  by  Wood  from  Dekleijn.* 

It  is  interesting  to  note  that  in  24  eyes  removed  in  children 
during  five  years  at  Moorfields,  7  w^ere  pseudogrowths. 

*  Graefe's  Archives,  1912. 
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It  is  scarcely  necessary  to  more  than  enumerate  the  con- 
ditions concerning  which  we  should  be  upon  our  guard  in 
the  study  of  ocular  malignant  disease  in  children  from  the 
standpoint  of  differential  diagnosis. 

1.  Apparent  simple  retinal  detachment. 

2.  Leukosarcoma  of  choroid. 

3.  Tubercles  of  the  choroid. 

4.  Chronic  inflammatory  processes  in  the  choroid  and 
ciliary  body. 

5.  A  yellow  mass  behind  the  lens,  induced  by  an  acute 
suppurative  process  in  the  vitreous. 

6.  Possibly  cysticercus. 

7.  Certain  congenital  abnormalities  (vascularity  of  lens 
capsule). 

8.  Retinitis  circinata. 

9.  Persistence  of  the  posterior  part  of  the  fibrovascular 
sheath  of  the  lens. 

10.  And,  finally,  a  rare  and  interesting  condition  recorded 
by  de  Schweinitz  and  Shumway,  as  extensive  dropsical  degen- 
eration of  the  rod-and-cone  visual  cells  which  exactly  simu- 
lated glioma. 

The  study  of  the  history  here  related  emphasizes  afresh — 

1.  Danger  of  delay  in  excision  of  eyeball  where  malignant 
disease  is  suspected. 

2.  The  preeminent  importance  of  immediate  microscopic 
study  of  the  nerve  posterior  to  the  eye. 

3.  The  dictum  of  immediate  and  complete  orbital  eviscera- 
tion if  malignant  infiltration  is  found  beyond  the  limits  of 
the  eyeball. 

4.  A  reasonable  modification  of  the  usually  accepted  be- 
lief that  operation  in  recurrence  is  absolutely  useless. 

5.  That  the  electrothermic  method  is  an  extremely  valu- 
able adjunct  to  our  surgical  procedure,  and  can  be  depended 
upon  to  eliminate  the  danger  from  hemorrhage  in  orbital 
exenteration. 
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DISCUSSION. 

Dr.  William  Zentmayer,  Philadelphia:  Through  the 
courtesy  of  Dr.  Ring  I  was  present  at  the  operation. 
The  value  of  the  unique  method  employed  by  Dr. 
Clark  in  removing  the  growth  cannot  be  doubted.  We  all 
agreed  that  an  ordinary  surgical  procedure  would  be  futile 
in  this  case,  and  the  electrothermic  method  of  operative 
interference  was  advised.  At  the  time  of  operation  no  blood 
was  lost;  when  the  snare  was  removed,  the  pedicle  was  dry. 
There  was  an  absence  of  shock  following  the  operation,  and 
Dr.  Clark  told  me  recently  that  there  was  no  recurrence 
in  situ  at  the  time  of  metastasis  to  the  spinal  cord;  so  the 
procedure  and  the  result  were  in  every  way  exceptional  and, 
if  it  had  been  undertaken  earlier,  might  have  prevented 
metastasis  to  the  spinal  cord. 

Dr.  Samuel  D.  Risley,  Philadelphia:  I  also  had  the 
opportunity  of  seeing  the  extraordinary  case  of  Dr.  Ring's 
at  the  College  of  Physicians;  and,  as  Dr.  Zentmayer  has 
said,  we  all  felt  that  operative  interference  was  dangerous 
and  would  probably  lead  to  death  on  the  table.  The  salient 
features  of  the  case  to  me,  apart  from  the  ingenious  method 
of  removal  of  the  growth,  are  the  facts  that  there  was  no  local 
recurrence  and  the  wonderful  improvement  in  health  after 
the  removal  of  this  immense  mass  of  pathologic  tissue.  The 
child  seemed  hopelessly  sick  when  we  saw  her  first  at  the 
College  of  Physicians.  She  was  pale,  anemic,  and  depressed 
in  spirits,  but  after  the  removal  of  the  growth  was  apparently 
in  good  health,  a  happy,  cheerful  girl.  So  that  to  me  these 
are  the  salient  features,  and  I  think  that  this  case  was  worth 
while  reporting. 

Dr.  John  E.  Weeks,  New  York:  I  understood  the  reader 
of  the  paper  to  say  that  when  intraocular  growths  are  pres- 
ent, we  ordinarily  find  the  anterior  chamber  shallow.  I 
want  to  say  that  this  is  not  always  so;  in  many  cases  of 
early  development  of  intraocular  growths  the  anterior  cham- 
ber is  of  normal  depth.  It  is  only  after  the  growth  has 
reached  a  considerable  size  and  the  volume  of  the  contents 
of  the  posterior  chamber  has  increased  materially,  that  we 
find  a  shallow  anterior  chamber.  In  cases  of  metastatic 
15 
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choroiditis,  in  which  there  is  exudation  into  the  vitreous,  the 
anterior  chamber  is  frequently  shallow ;  and  the  iris  conforms 
to  the  shape  of  the  lens,  in  its  inner  two-thirds  frequently, 
because  of  complete  posterior  synechia. 

Another  point  that  I  want  to  emphasize  is  that  the  ten- 
sion of  the  eyeball  is  not  always  normal  or  increased  when 
intraocular  growths  are  present.  Within  the  last  year  I 
have  seen  two  cases  of  sarcoma  of  the  choroid  in  which  the 
tension  was  minus  in  the  affected  eye.  I  am  positive  in 
regard  to  this,  as  the  tension  was  taken  with  the  tonometer. 

Dr.  G.  Oram  Ring,  Philadelphia:  I  desire  to  call  to  the 
attention  of  Dr.  Weeks  the  fact  that  my  paper  does  not  dog- 
matically assert  that  the  anterior  chamber  is  necessarily 
shallow  in  these  cases,  but  is  apt  to  be  so.  So  far  as  the  ten- 
sion is  concerned,  it  was  stated  in  the  paper  that  the  tension 
is  sometimes  normal,  sometimes  minus,  and  sometimes  plus. 


A  CASE  OF  CAVERNOUS  ANGIOMA  OF  THE  ORBIT. 

BURTON    CHANCE,    M.D., 

Philadelphia. 

An  angioma  involving  the  globe  and  extending  into  the 
orbit,  presenting  several  interesting  features,  was  found  in  a 
well-developed  Slavish  girl  of  sixteen  years,  who  was  as- 
signed to  my  care  at  the  Wills  Hospital  early  in  January, 
1917. 

The  tumor  was  noticed  soon  after  her  birth.  It  gradually 
increased  in  size  until  it  occupied  the  upper  half  of  the  left 
orbit.  In  the  course  of  years  the  patient  experienced  neither 
pain  nor  tenderness,  but  was  annoyed  by  the  deformity  pro- 
duced by  the  tumor.  During  emotional  excitement;  when 
she  stooped,  as  during  household  occupations;  when  she 
slept;  and  when  she  violently  blew  her  nose,  the  tumor 
protruded  through  the  fissure.  The  tumor  did  not  become 
altered  at  physiologic  periods,  nor  modified  in  appearance 
or  in  its  general  character,  as  observable  by  her  family,  in 
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all  these  years.  It  had  never  been  inflamed  nor  had  it  been 
wounded  at  any  time,  neither  had  it  ever  bled. 

When  the  patient  presented  herself  at  the  hospital  the 
upper  lid  lay  flat  in  complete  ptosis  and  was  of  darker  color 
than  the  right.  The  orbital  ridge  was  not  so  prominent  as 
that  of  the  opposite  side.  On  raising  the  lid  a  purplish  mass, 
like  an  enormous  staphyloma  of  the  sclera,  instantly  pro- 
truded through  the  fissure.  The  true  nature  of  it  was  soon 
manifested  by  an  increasingly  greater  protrusion,  so  that 
the  lid  was  held  up  by  the  pressure  of  the  mass.  When 
fully  protruded,  it  reminded  one  of  the  placenta;  tortuous 
and  dilated  conjunctival  vessels  coursed  over  it,  and,  on 
palpation,  it  was  soft  and  compressible,  but  could  not  be 
emptied  of  its  apparently  fluid  contents.  The  conjunctiva 
could  be  gathered  up  from  the  surface  of  the  tumor  and  easily 
slid  over  it.  The  surface  of  the  tumor  felt  beneath  the  con- 
junctiva as  though  it  were  fibrous,  being  smooth  and  appar- 
ently without  knobs;  and  there  was  no  sensation,  such  as 
is  presented  by  the  presence  of  varices. 

The  tumor  rested  on  the  globe  and,  extending  from  about 
the  upper  border  of  the  internal  rectus  closely  adjacent  to 
the  cornea,  passed  over  into  the  external  rectus,  backward 
indefinitely  and  forward  into  the  lid  well  up  to  the  tarsal 
cartilage.  The  great  volume  of  the  mass  was  accommo- 
dated by  an  absence  of  the  orbital  ridge  in  the  middle  third, 
and  further  by  a  fenestra  in  the  external  orbital  wall,  while 
on  deep  digital  examination  the  roof  of  the  orbit  too  was 
found  to  be  lacking  in  the  middle  portion.  The  trochlea 
could  be  felt  with  singular  distinctness.  As  already  men- 
tioned, the  mass  was  most  compressible,  so  that  when  deep 
pressure  was  made  upon  the  closed  lid  and  with  the  hand 
over  the  temple,  protrusion  through  the  fenestra  could  be 
felt. 

The  photographs  show  quite  well  the  protrusion  of  the 
mass.  They  were  taken  under  great  difficulty  by  Dr.  Nel- 
son Brinkerhoff,  but  the  girl's  struggles  to  resist  caused  the 
mass  to  protrude  all  the  more  readily.  We  were  not  able  to 
get  a  view  showing  the  relation  of  the  tumor  to  the  eye  itself. 

One  series  of  measurements,  of  as  much  of  the  mass  as 
could  be  seen,  made  while  the  girl  lay  flat  on  the  bed,  at 
which  time  the  mass  spontaneously  protruded,  as  was  its 
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wont,  showed  a  circumference  from  the  outer  to  the  inner 
scleral  border  of  55  mm.,  directly  across  40  mm.,  antero- 
posteriorly  30  mm.,  and  vertically  16  mm. 

Variations  in  volume  did  not  appear  on  ordinary  inspec- 
tion, but  deep  pressure  on  the  jugulars  increased  it  and 
pressure  on  the  carotids  diminished  it.  There  was  no  in- 
herent pulsation  nor  bruit,  but  when  the  lid  was  held  up  and 
the  patient  made  efforts  to  rotate  the  globe,  there  was  a  dis- 
tinct pulsatile  movement. 

The  conjunctiva  was  healthy  and  free  from  any  markedly 
dilated  vessels  over  the  lower  half  of  the  globe,  as  well  as 
of  the  lower  lid.  The  cornea  was  unaffected,  the  fundus 
healthy,  the  disc  being  of  fair  tint  but  quite  distorted  in 
shape.  The  tarsal  tissues  were  found  to  be  quite  thin  in 
both  cartilage  and  muscle  layer. 

The  eyeball  itself  did  not  project,  so  there  was  no  propto- 
sis,  but  the  ball  was  turned  inward  and  somewhat  down- 
ward, the  cornea  being  well  at  the  inner  angle,  yet  when  re- 
lieved slightly  of  the  weight  of  the  mass  the  globe  could  be 
rotated  out  to  the  vertical  meridian. 

An  examination  of  the  surface  of  the  patient's  body  as 
reported  by  the  nurse  showed  it  to  be  entirely  free  from 
angiomata  of  the  skin,  and  none  in  the  mouth  and  nose. 
The  girl  has  not  suffered  from  hemorrhoids.  There  is  no 
hypertrophy  of  the  thyroid. 

A  careful  radiographic  study  of  the  head  was  made  by 
Dr.  George  E.  Pfahler.  The  plates  show  that  the  tumor 
extended  as  far  back  as  the  anterior  wall  of  the  sphenoid, 
but  the  mass  was  not  connected  with  the  frontal,  maxillary, 
nor  sphenoid  sinuses. 

A  diagnosis  of  cavernous  angiomata  \yas  made.  I  de- 
termined to  remove  it  by  dissection  rather  than  by  electroly- 
sis or  by  high-frequency  currents,  procedures  suggested  by 
certain  of  those  who  studied  the  case  with  me. 

Five  days  after  admission  I  aspirated  the  mass  and  with- 
drew four  syringefuls  of  blood — about  20  c.c.  It  was  choco- 
late red  in  color,  and  it  speedily  coagulated  into  a  tough  clot. 
By  accident,  counterpuncture  was  made  so  that  air  entered 
the  sac  and  caused  marked  distention.     Roller-bandages 
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were  applied  at  once,  and  pressure  maintained  for  three 
days.  When  released,  the  mass  was  found  protruding 
through  the  fissure  and  did  not  spontaneously  retract  as 
heretofore;  in  addition,  on  palpation  the  sensation  was  as 
though  clotting  had  occurred  in  the  anterior  portion. 

In  consultation.  Dr.  Edward  Martin  agreed  with  me  that 
the  mass  was  caused  by  a  circumscribed  angioma,  and  he 
counseled  its  removal  by  dissection,  which  was  done  under 
ether  on  February  24,  Dr.  Schwenk  assisting  me  in  the 
operation. 

Dissection  was  begun  by  an  incision  of  the  conjunctiva 
across  the  horizontal  diameter  of  the  mass  with  a  scalpel, 
the  edge  of  which  was  turned  forward.  As  it  was  found 
that  the  tumor  was  encapsulated,  the  conjunctiva  was 
stripped  off  both  upward  and  downward  for  some  distance 
with  blunt-pointed  scissors.  Soon  it  was  found  that  fine 
fibrous  strands  seemed  to  penetrate  the  capsule.  In  the 
severance  of  these  strands  the  capsule  was  lacerated,  giving 
exit  to  great  quantities  of  dark  blood.  The  dissection  was 
continued  with  a  repetition  of  these  events.  That  portion 
of  the  sac  which  had  been  ruptured  collapsed  as  the  flow  of 
blood  ceased  and  the  general  mass  diminished  in  size.  A 
number  of  such  ruptures  and  flows  followed,  which  led  us  to 
believe  that  the  angioma  was  locular  and  truly  cavernous. 
Once  during  the  primary  conjunctival  dissection,  probably 
because  of  the  increased  general  vascular  pressure  caused  by 
the  etherization,  the  globe  with  the  whole  mass  protruded. 
It  seemed  then  to  be  about  the  dimension  of  an  early  hot- 
house tomato,  quite  larger  than  an  English  walnut. 

When  the  conjunctiva  was  removed,  the  surface  was  seen 
to  be  not  perfectly  smooth,  but  was  studded  with  rounded 
projections,  much  like  the  flat,  mole-like  bosses  seen  on 
apples.  The  mass  did  not  communicate  with  any  other 
mass  or  cyst.  There  were  no  varices,  but  when  the  dis- 
section reached  the  sclera,  two  or  three  spurts  of  blood 
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seemed  to  come  from  vessels,  to  stanch  which  required  hemo- 
static forceps  and  Hgatures.  After  all  diameters  were  freed 
the  base  on  the  globe  was  ligated  and  the  mass  abscised. 
At  this  stage  the  globe  became  completely  dislocated  and 
the  stalk  of  the  optic  nerve  could  be  felt  readily;  this  forc- 
ing forward  of  the  orbital  contents  was  caused  by  the  quan- 
tity of  blood  which  had  collected  in  the  cellular  tissues. 

The  conjunctiva  was  then  united  with  silk  sutures,  and 
the  ball  replaced  by  pressure  with  my  gathered  together 
finger-tips.  The  orbit  being  quite  full  of  escaped  blood,  the 
lids  were  united  at  the  middle  line  with  two  sutures  threaded 
through  pearl  buttons.  The  patient  exhibited  signs  of 
shock,  but  was  resuscitated  by  hot  saline  enemas  and  strych- 
nin injections. 

The  dissection  disclosed  the  fact  that  the  base  of  the 
angioma  rested  on  the  upper  and  outer  aspect  of  the  globe 
and  was  quite  adherent  to  the  sclera.  It  extended  across 
to  the  position  of  the  upper  border  of  the  internal  rectus. 
Here,  when  the  conjunctiva  was  removed,  the  form  of  the 
tumor  was  like  a  group  of  bubbles,  and  in  this  region  the 
attachment  to  the  globe  was  not  so  firm  as  elsewhere.  The 
major  portion  of  the  tumor,  however,  was  distinctly  globular. 
The  superior  rectus  and  the  external  rectus  muscles  were  in- 
volved in  the  tumor,  and  they  were  unfortunately  irreparably 
mutilated  in  the  dissection. 

The  dissection  was  most  tedious,  because  the  escaping 
blood  flooded  the  field.  The  operation  required  one  hour 
and  thirty  minutes. 

For  several  days  the  patient  was  quite  anemic,  and  dur- 
ing the  week  after  the  operation  her  temperature  remained 
above  normal.  The  lid  sutures  were  removed  on  the  fourth 
day  because  the  orbital  contents  continued  quite  firm  and 
decidedly  protuberant.  On  the  fifth  day  hot  saline  stupes 
were  applied;  on  the  seventh  day  the  eye  could  be  more 
distinctly  seen  by  reason  of  the  softening  and  recession  of 
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the  tumid  orbital  mass,  which  had  quite  enveloped  the 
globe.  The  cornea  was  not  rotated  inward  so  far  as  it 
had  been,  and  the  patient  could  see  objects  about  her.  There 
was  no  proptosis.  A  few  days  later,  on  attempting  to  ro- 
tate the  globe,  distinct  pulsation  was  noticed,  which  pulsa- 
tion caused  certain  of  us  to  entertain  the  idea  that  there 
might  be  some  disorder  of  the  orbital  vessels  and  that  the 
whole  process  might  be  part  of  a  deep-seated  disorder. 

By  the  end  of  four  weeks  the  patient  was  discharged  from 
the  hospital,  having  fully  recovered  her  strength  and  color. 
The  orbital  condition  presented  well-marked  ptosis,  by 
which  the  upper  lid  rested  flatly  upon  the  globe,  this  ap- 
pearance being  due  to  the  lack  of  the  upper  orbital  ridge. 
The  globe  itself  seemed  to  be  decidedly  larger  than  its  fellow. 
There  was  no  true  upper  fornix.  Masses  of  tissue  adhered 
to  the  sclera,  and  the  conjunctiva  lay  loosely  over  the  dis- 
sected area.  The  globe  could  not  be  rotated  upward  nor 
outward. 

Dr.  Brinkerhoff  prepared  the  tissues  for  histologic  study. 
The  tumor  mass  was  greatly  reduced  in  volume.  It  pre- 
sents the  characteristics  of  erectile  tissue.  There  are  many 
spaces  the  walls  of  which  are  fibrous,  being  connected  with 
the  external  capsule.  They  are  also  lined  with  endothelium 
and  are  packed  with  red  cells.  There  are  many  fields  show- 
ing striated  and  unstriated  muscle-fibers,  and  in  all  is  to  be 
found  sparse  round-cell  infiltration.  There  are  only  a  few 
white  blood-cells.  There  are  no  capillaries  and  no  signs  of 
glandular  elements  and  no  cysts,  nor  are  there  any  signs  of 
degeneration.  A  study  of  the  sections  gave  no  clue  as  to  the 
probable  origin  of  the  angioma. 

At  the  last  of  April  little  masses  of  conjunctival  granula- 
tions had  formed.  These  were  snipped  off,  and  the  tissues 
over  the  outer  aspect  of  the  globe  were  gathered  into  the 
grasp  of  a  crutch-shaped  forceps  and  the  included  portion 
abscised.     The  free  edges  were  then  united  by  three  sutures, 
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in  the  same  manner  as  that  which  I  have  pursued  in  several 
cases  of  old  divergence  after  complete  tenotomy  years  pre- 
viously, in  which  a  conjunctivocapsular  advancement  has 
effected  parallelism. 

A  few  days  later  tenotomy  of  the  internal  rectus  was  done. 
The  subconjunctival  tissues  were  found  to  be  so  highly 
vascular  that  the  hemorrhage  was  copious  and  of  the  same 
character  as  that  which  flowed  during  the  dissection  of  the 
tumor.  The  capsule  was  perforated  with  difficulty,  and  it 
seemed  as  though  shallow,  flat  fibrous  spaces  overlaid  the 
tissues,  which  had  been  formed,  perhaps,  by  an  extension  of 
the  angiomatous  tissue  over  the  surface  of  the  globe.  The 
operative  results,  although  not  entirely  satisfactory,  are  suf- 
ficient to  allow  an  outward  rotation  of  the  globe  and  afford 
easy  ophthalmoscopic  examination.  "While  the  fissure  is 
wider  than  before  the  removal  of  the  mass,  it  was  deemed 
wise  to  defer  operations  to  raise  the  drooping  lid.  The 
fundus  is  healthy  in  every  particular;  the  disc  has  a  rosier 
hue  than  at  the  first  examination.  The  aspect  of  the  fundus 
reminds  one  of  the  conditions  commonly  seen  in  hj^peropic 
amblyopia  exanopsia.  By  a  rough  test  with  +4  cjd,,  6/30 
was  obtained. 

These  recent  operations  were  done  without  general  anes- 
thesia, and  during  them  the  girl  became  more  or  less  excited, 
in  which  excitement  the  ball  protruded  distinctly,  although 
not  to  the  extent  it  did  before  the  tumor  was  removed. 

The  protrusion  of  the  globe  during  excitement  is  due,  in 
part,  I  believe,  to  the  lack  of  muscle  support  and  the  defects 
in  the  orbital  walls.  The  pulsations  which  have  been  noted 
from  time  to  time  were  transmitted,  I  am  sure,  from  the 
ophthalmic  artery,  which  is  in  all  probability  of  greater 
caliber  than  normal.  At  the  time  of  the  removal  of  the  mass 
there  was  no  pulsation  felt  in  the  apex  of  the  orbit  when  my 
fingers  came  in  contact  with  the  optic  nerve  and  other  tissues. 
At  present  I  cannot  find  signs  of  vascular  disease,  such  as 
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would  justify  nie  in  regarding  the  case  as  one  of  pulsating 
exophthalmos  rather  than  angioma  of  the  orbit, 

DISCUSSION.      . 

C.  F.  Clark,  Columbus,  Ohio:  I  have  a  case  to  report 
which  I  think  bears  on  this  su})ject.  It  presented  the  appear- 
ance of  a  tumor  of  the  vascular  tissue  of  the  apex  of  the  orbit, 
producing  marked  protrusion.  It  occurred  in  a  child,  aged 
two  and  a  half  years,  who  remained  under  observation  for 
many  months,  during  which  time  we  tried  pressure  bandages 
and  other  treatment,  but  could  make  no  impression  on  the 
condition.  There  was  a  degree  of  atrophy  of  the  optic  nerve, 
but  no  other  change  in  the  eyeball.  The  protrusion  finally 
became  so  marked  that  I  determined  to  operate.  By  making 
a  division  of  the  outer  canthus  and  dividing  the  external 
rectus,  I  was  able  to  make  an  inspection  of  the  tissues  at  the 
apex  of  the  orbit.  I  had  been  under  the  impression  that  I 
was  dealing  with  a  sarcoma  and  was  prepared  to  eviscerate 
the  orbit  if  necessary.  On  inspection,  the  tissues  at  the  apex 
could  be  seen  presenting  the  appearance  of  angle  worms  in 
a  coiled  mass.  There  was  no  pulsation,  however.  My  reason 
for  reporting  the  case,  which  I  hope  to  do  more  fully  at  some 
future  time,  is  that,  in  the  effort  to  obtain  a  result,  I  employed 
radium.  It  was  in  the  early  days  of  the  use  of  this  agent, 
before  we  knew  the  best  means  of  protecting  the  surrounding 
tissues.  Through  the  kindness  of  Dr.  J.  F.  Baldwin  I  ob- 
tained the  use  of  a  little  tube  of  radium,  4  or  5  mm.  in 
diameter,  and  embedded  the  end  of  it  deep  in  the  growth  and 
closed  the  wound,  leaving  the  tube  in  place  for  two  hours  and 
a  half.  After  its  removal  I  sutured  the  tendon  of  the  external 
rectus,  and  in  two  or  three  days  made  an  incision  and  again 
inserted  the  radium  tube  into  the  depths  of  the  orbit,  without 
at  this  time  dividing  the  external  rectus.  The  result  was 
remarkable.  After  the  reaction  had  passed  the  growth 
showed  evidence  of  shrinking  and  the  eye  receded.  The  re- 
sult has  been  permanent  so  far  as  I  can  tell.  It  has  now  been 
three  or  four  years  since  the  operation.  To  me  one  of  the 
most  interesting  features  of  this  case  was  the  fact  that  the 
eye,  which  had  been  perfectly  normal  in  appearance  except 
for  some  atrophy  of  the  optic  nerve,  developed  a  well-marked 
nuclear  cataract. 
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Dr.  William  Zentmayer,  Philadelphia:  Dr.  Chance's 
closing  remark  in  his  paper,  that  he  saw  no  reason  to  con- 
sider the  case  one  of  pulsating  exophthalmos,  is  true  if  he 
referred  to  the  ordinary  marasmic  or  to  traumatic  pulsating 
exophthalmos.  It  seems  to  me,  however,  that  it  is  of  the 
nature  of  intermittent  pulsating  exophthalmos.  The  path- 
ology of  these  cases  has  been  shown  to  be  due  to  the  presence 
of  vascular  tissue  behind  the  globe — either  varix  or  angioma; 
and  the  difference  between  the  type  of  case  that  Dr.  Chance 
has  reported  and  the  ordinary  intermittent  pulsating  exoph- 
thalmos is  merely  in  the  location  of  the  mass.  In  the  inter- 
mittent form  the  mass  is  behind  the  globe,  whereas  in  Dr. 
Chance's  case  it  was  above. 

The  question  of  the  dehiscences  in  the  bone  is  interesting 
also.  I  suppose  that  his  explanation  may  be  correct — that 
they  are  due  to  erosion  caused  by  the  mass;  but  they  may 
be  due  to  a  developmental  deficiency.  In  Dr.  Chance's 
own  case  there  was  some  absence  of  bone  in  the  temporal 
region  not  directly  connected  with  the  mass  in  the  .orbit. 


PENETRATING  INJURY  LIMITED  TO  THE  EYE- 
BALL FOLLOWED  BY  ACUTE  TETANUS. 

ROBERT    SATTLER,    M.D., 

Cincinnati,  Ohio. 

The  following  excerpts  have  been  taken  from  a  complete 
clinical  history  of  a  case  of  acute  tetanus,  following  a  pene- 
trating wound  of  the  eyeball,  furnished  me  by  Dr.  Shanks, 
intern  of  the  ophthalmic  department  of  the  Cincinnati  Gen- 
eral Hospital: 

C.  H.,  aged  twenty-one  years,  farm-hand,  while  seated  on 
the  rear  end  of  a  wagon  on  which  he  was  riding,  his  right 
eye  was  struck  and  perforated  by  a  punch-shaped  arrow  of 
desiccated  horseweeds  aimlessly  discharged  from  a  cross- 
bow by  a  boy  on  the  opposite  side  of  the  street  from  a  dis- 
tance of  15  or  more  feet.     The  implanted  foreign  body  was 
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as  speedily  jerked  out  of  his  eye  by  his  own  hand,  and  he 
sought  at  once  the  advice  of  a  nearby  physician,  who  re- 
moved several  smaller  pieces  of  foreign  substance,  but 
whether  these  were  fragments  of  weed  or  dirt  he  was  unable 
to  state. 

At  the  Cincinnati  General  Hospital  he  was  examined  im- 
mediately after  admission,  or  thirteen  hours  after  the  injury 
was  received.  The  entrance  perforation  or  wound  was  lim- 
ited to  the  cornea,  with  mangled  iris  tissue  and  lens  substance 
protruding.  Under  local  anesthesia  the  wound  was  cleared 
of  all  extraneous  matter,  shreds  of  iris  tissue  and  lens  sub- 
stance removed.  Edema  of  the  eyelids  and  bulbar  conjunc- 
tiva and  an  opalescent  discharge  pointed  to  an  imminent 
vicious  reaction.  The  further  statement  that  the  improvised 
weed-arrow  had  been  pulled  out  of  the  ground  an4  had  been 
shaped  by  the  boy  who  shot  it  induced  us  to  advise  imme- 
diate enucleation.  This  was  done  on  the  same  day  by  Dr. 
Ray,  assisted  by  Dr.  Shanks.  Nothing  noteworthy  hap- 
pened until  the  afternoon  of  the  third  day  following  the 
operation,  but  in  the  mean  time  the  patient  had  been  up 
and  about,  was  apparently  in  excellent  health  and  spirits, 
had  not  complained  of  pain  or  discomfort,  and  the  cavity 
appeared  clean  and  free  of  all  irritation  and  undue  secretion. 
At  this  time  he  referred  to  difhcult  mastication  and  stiffness 
of  the  muscles  of  the  jaw,  more  marked  on  the  right  side. 
From  further  examination  and  consultation  it  was  evident 
that  trismus  was  already  present.  He  was  given  a  large 
dose  of  antitetanic  serum  intravenously,  and  removed  to  the 
serologic  department  in  charge  of  Dr.  0.  Berghausen,  who 
fjom  this  time  on  commenced  the  liberal  and  systematic 
administration  of  antitetanic  serum.  In  spite  of  large  and 
sustained  doses  injected  intraspinously,  10,000  units  once  a 
day,  and  three  hourly  ones  of  3000  units  each  intravenously, 
with  exenteration  of  the  orbit  under  general  anesthesia,  fol- 
lowed by  direct  application  of  the  serum  and  its  injection 
into  and  along  the  sheath  of  the  optic  nerve,  the  patient  died 
on  the  seventh  day  after  admission. 

The  autopsy  disclosed  congestion  of  the  lungs,  acute  dila- 
tation of  the  heart,  fatty  degeneration  of  the  liver  with  pas- 
sive congestion  of  left  lobe,  acute  splenic  tumor,  cloudiness 
of  the  meninges,  and  edema  of  the  brain. 
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From  this  brief  recital  of  the  principal  points  it  can  readily 
be  inferred  that  we  were  led  to  precipitate  radical  surgery 
upon  the  very  heels  of  the  injury  to  avert  the  dangerous  con- 
sequences of  a  next  to  certain  panophthalmitis.  We  did  not 
lose  sight,  however,  of  the  fact  that  the  penetrating  charac- 
ter of  the  injury  and  the  more  than  probable  intraocular 
lodgment  of  extraneous  or  even  contaminated  soil  matter 
included  also  tetanus  among  the  possible  remote  compli- 
cations. We  hoped  that  prompt  enucleation  in  the  short 
time  interval  (twenty-four  hours)  between  the  injury  and  re- 
moval of  the  eye,  would  insure  safety  against  immediate  and 
more  remote  and  only  possible  dangers.  From  a  cursory  re- 
view of  the  literature  of  modern  conclusions  of  acute  tetanus 
following  injuries  of  the  eye  and  orbit  it  was  found  that 
these  were  promiscuously  grouped  under  cephalic  tetanus. 
It  was  impossible  for  me  to  determine,  from  the  sources 
accessible  to  me,  whether  this  included  a  single  case  in  which 
the  injury  was  strictly  limited  to  the  eyeball.  The  search 
made  established  only  that  the  larger  number  were  com- 
adjacent  regions  of  the  face  and  skull  tissues;  nor  has  my 
bined  ones  of  eye  and  tissues  of  the  orbit  or  similar  wounds  to 
own  experience  furnished  me  with  a  similar  example  of  an 
injury  limited  to  the  eyeball,  which  was  followed  by  acute  or 
chronic  tetanus. 

The  period  of  incubation  of  tetanus  is  necessarily  vague  in 
every  case.  It  was  unusually  short  in  the  present  one.  It 
might  lead  us  to  assume  that,  owing  to  the  rapid  difTusibility 
of  the  toxins  of  the  tetanus  bacilli,  it  may  be  incredibly  short 
or  next  to  coincident  with  the  injury  itself  in  this  or  similar 
cases.  This  observation,  if  confirmed,  may  in  the  future 
direct  in  every  case  of  this  class  the  early  and  more  liberal 
use  of  prophylactic  doses  of  antitetanic  serum  long  before 
definite  symptoms  of  trismus  are  unmistakably  present. 

Reviewing  briefly  the  probable  or  at  present  accepted 
bacteriologic  facts,  and  the  limited  clinical  ones  and  case  re- 
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ports  of  ocular  and  orbital  injuries  followed  by  tetanus  which 
support  the  former,  it  would  appear  that,  if  a  destructive 
pyogenic  reaction  results,  this  may  prove  a  possible  safe- 
guard against  an  otherwise  certain  fatality  if,  in  addition, 
prophylactic  and  therapeutic  doses  of  acute  antitetanic 
serum  are  also  promptly  and  liliorally  administered. 

Examination  of  the  enucleated  eye  conclusively  estab- 
lished that  the  penetrating  force  of  the  weed-arrow  had 
struck  the  posterior  half  of  the  globe,  but  did  not  perforate 
it  at  this  point. 

Brons,  in  a  review  of  infectious  lesions  of  the  eyelid  and 
orbit,  refers  to  three  cases  of  tetanus  following  injuries  of  the 
eyelids  and  orbit.  Two  were  gunshot  injuries.  In  the  first, 
reported  by  Jess,  the  eye  was  completely  dislocated  at  the 
time  of  the  accident  and  was  enucleated.  Orbital  abscess 
followed,  with  presence  of  tetanus  bacilli,  confirmed  by  cul- 
ture and  their  toxins  pathogenic  to  animals.  Tetanus  did 
not  develop,  but  vigorous  and  large  doses  of  antitetanic 
serum  were  resorted  to. 

In  Flacher's  case  trismus  or  head  tetanus  followed  an 
orbital  abscess;  specific  organisms  were  present;  cultures 
positive.  Energetic  serum  treatment  in  this  case  also  re- 
sulted in  recovery.  A  third  case  reported  by  Salus — pene- 
trating wound  and  abscess  of  orbit  with  implantation  of  the 
terminal  end  of  a  wooden  switch — ended  in  death  in  spite  of 
liberal  and  systematic  serum  treatment. 

Zurnedden,  in  an  exhaustive  review  of  the  bacteriology, 
etc.,  of  infectious  diseases  of  the  eye,  does  not  mention 
tetanus  resulting  from  injury  limited  to  the  eyeball. 
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A  CASE  OF  UNILATERAL  PROPTOSIS.     EXPLORA- 
TORY OPERATION.     TENTATIVE  DIAGNOSIS 
OF  AN  ETHMOID  OSTEOMA. 

EOBEET    SATTLER,    M.D., 

Cincinnati,  Ohio. 

The  following  clinical  history  refers  to  a  recent  case  of 
supposed  neoplasm  of  the  orbit  in  which  surgical  interference 
became  imperative,  for  the  reason  that,  to  a  moderate  degree 
of  transitory  left-sided  proptosis,  which  had  been  present  for 
two  years  but  without  discomfort  or  impairment  of  vision, 
were  suddenly  added  greater  prominence  with  persistent 
irritability  of  the  eye,  passive  congestion  of  lids  and  super- 
ficial structures,  and  considerable  edema.  Vision,  which 
until  his  second  visit  to  me,  or  two  weeks  after  the  first, 
was  full  normal,  had  during  this  interval  dropped  to 
20/30,  but  without  adequate  changes  in  the  eye-ground 
other  than  moderate  venous  stasis  and  shght  discoloration 
of  the  optic  papilla. 

The  disclosures  of  a  most  searching  exploratory  operation 
conclusively  upheld  the  assertion  that  a  tentative  diagnosis 
of  the  early  stage  of  an  osteoma,  having  its  origin  in  one  of 
the  posterior  ethmoid  cells  or  even  of  the  sphenoid,  was  the 
only  justifiable  inference. 

This  was  the  more  disappointing,  as  the  nature  and  clini- 
cal characteristics,  their  concealed  location,  inexorably  slow 
growth,  and  in  particular  the  greater  mortality  attending 
surgical  interference  of  these  bony  growths,  so  often  of 
ivory  hardness,  are  all  well-known  facts  of  common  experi- 
ence. For  these  reasons  it  was  decided  to  await  further 
developments;   to  add  in  every  way  to  the  comfort  of  the 
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patient,  and  to  prepare  the  affected  region  for  the  best  possi- 
ble subsequent  inspection  and  observation  and  to  defer 
indefinitely  radical  surgery.  In  order  to  permit  readier 
access  to  the  apex  region  of  the  orbit  it  was  necessary  at  the 
time  of  the  exploratory  operation  to  remove  the  globe,  as 
this  alone  enabled  us  to  examine  and  confirm  with  accuracy 
the  protrusion  of  the  still  intact  inner  and  upper  wall  of  the 
cavity.  The  larger  wound  of  the  exploratory  operation 
healed  promptly,  and  the  traumatism  resulting  from  the 
more  or  less  rude  handling  of  the  tissue,  owing  to  the  longer 
time  required  for  the  exploratory  operation,  also  disappeared 
rapidly.  He  now  wears  an  artificial  eye  and  there  has  been 
no  observant  change  in  the  deeper  regions  of  the  affected 
orbit. 

A  former  experience  with  a  similar  case,  the  exploratory 
operation,  preceded  by  enucleation  of  a  blind  globe,  dis- 
closed the  presence  of  a  rounded  knob  of  hard  consistence, 
about  the  size  of  a  hazelnut,  in  the  extreme  depth  of  the 
orbit.  It  was  assumed  that  the  osteoma  had  started  in 
one  of  the  posterior  ethmoidal  cells  and  had  forced  its  way 
into  the  orbit.  It  was  subsequently  discovered  that  this 
rounded  mass,  which  I  had  removed  at  the  first  operation, 
was  the  terminal  projection  of  an  osteoma  which  took  its 
attachment  from  the  anterior  wall  of  the  frontal  sinus  and 
had  pushed  its  ruthless  compression  directly  backward 
toward  the  apex  of  the  orbit.  At  the  age  of  twenty-seven 
it  had  caused  absorption  of  the  orbital  wall  and  was  far  out- 
side its  original  starting-place.  At  a  later  date  the  frontal 
sinus  was  fully  exposed  and  the  inner  orbital  wall  ablated 
and  the  entire  tumor  exposed  and  removed.  In  the  present 
case  a  series  of  carefully  taken  a:-ray  plates  since  the  explora- 
tory operation  have  afforded  us  no  proof  of  a  more  marked 
shadow  of  the  deeper  recesses  supposedly  the  seat  of  the 
tumor.  For  these  reasons  positive  diagnosis  is  held  in 
abeyance,  and  major  surgical  interference  will  be  deferred 
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until  the  needs  call  for  this,  either  that  pain  becomes  un- 
bearable or  other  complications  arise,  or  until  the  tumor, 
through  its  growing  dimensions,  becomes  more  accessible 
to  inspection  and  palpation  and  more  readily  amenable  to 
surgical  treatment. 

The  patient  was  a  lad  of  fourteen  whose  splendid  physique 
and  exuberant  spirits  suggested  excellent  health  in  the  past 
and  present,  and  this  was  fully  confirmed  by  his  own  and 
his  parents'  statements,  with  the  exception  that  for  longer 
time  periods  he  suffered  severe  and  persistent  headaches. 

About  two  years  ago  members  of  his  family  noticed  a 
slight  prominence  of  his  left  eye,  but  with  no  complaint  on 
his  part  either  of  impairment  of  vision  or  other  discomfort.  In 
the  beginning  the  prominence  was  transitory.  His  athletic 
pursuits  were  at  first  held  responsible  for  this,  but  careful 
observation  disproved  this.  Suddenly,  two  months  prior  to 
his  first  visit  to  me,  and  without  assignable  cause,  over- 
exertion, or  traumatism,  the  protrusion  of  the  left  eye  be- 
came more  pronounced  and  .permanent. 

Present  Condition. — Marked  left-sided  proptosis,  directly 
forward  and  outward  or  parallel  to  the  axis  of  the  orbit  with 
unrestricted  muscular  excursions;  objective  and  ophthal- 
moscopic examination  discloses  nothing  noteworthy.  V.= 
20/20,  no  limitation  of  visual  field  for  white  or  colors.  Ex- 
amination of  adjacent  sinus  cavities, — frontal,  ethmoid, 
sphenoid, — aided  by  a:-ray,  transillumination,  and  anterior 
and  posterior  rhinoscopy,  failed  in  the  discovery  of  an  ade- 
quate cause  for  the  displacement  of  the  left  eye. 

Blood,  as  well  as  tests  for  lues  and  tuberculosis,  also 
furnished  no  clue. 

An  exploratory  operation  was  at  once  advised  to  deter- 
mine the  location  and  character  of  the  tumor  mass.  It  was 
furthermore  stated  as  probable  that,  if  the  neoplasm  was 
within  the  funnel  of  the  recti  muscles,  successful  resection  of 
the  tumor  mass  might  be  accomplished,  with  conserv^ation  of 
the  globe. 

These  suppositions  were  all  disproved  by  the  exploratory 
operation  two  weeks  later,  the  patient  having  suddenly  ex- 
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perienced  pain  and  discomfort,  with  marked  irritability  of 
the  eye.  Owing  to  the  less  perfect  protection  of  the  cornea, 
haziness  and  irregularities  of  surface  with  superficial  con- 
tusions were  present.  Vision  was  reduced  to  20/30;  eye- 
ground  normal. 

A  roomy  Kroenlein  incision  afforded  access  to  and  thor- 
oughly exposed  the  septum  orbitale.  The  fascia  was  opened 
close  to  and  parallel  to  the  lower  and  outer  orbital  margin. 
Some  fat  was  removed  to  permit  readier  introduction  of  the 
finger.  The  adjacent  floor,  which  region  on  transillumina- 
tion showed  a  somewhat  darker  shadow,  was  first  explored, 
followed  by  a  similar  thorough  palpation  of  the  outer  wall. 
No  trace  of  periorbital  thickening  or  the  presence  of  patho- 
logic alteration  could  be  discovered.  The  funnel  of  the 
muscles  was  next  examined,  only  to  find  the  optic  nerve 
intact  and  easily  traced.  This  was  followed  by  a  deliberate 
examination  of  the  roof  and  inner  wall,  with  negative  results. 
The  eyelids,  which  had  been  provisionally  closed,  were  now 
released  and  the  globe  easily  dislocated  forward  in  order  to 
permit  an  examination  of  the  extreme  apex  region  of  the 
orbit. 

After  careful  search  a  rounded,  extremely  hard  protrusion 
of  the  inner  and  upper  wall  was  discovered,  with  its  con- 
vexity outward  and  with  perceptible  contraction  of  the 
lumen  of  the  orbit.  This  was  confirmed  by  Drs.  Ray  and 
R.  R.  Sattler.  We  then  decided  to  enucleate  the  globe  in 
order  to  permit  an  easier  access  to  the  region,  corresponding, 
as  best  we  could  judge,  to  the  ethmoid  or  sphenoid  bones, 
and  from  which  the  flattened,  hard,  button-like  projection 
had  pushed  the  orbital  wall  out  and  contracted  its  lumen. 
The  improved  means  of  access  through  the  combined  open- 
ings of  the  exploratory  incision  and  the  large  opening  of  the 
conjunctival  sac  enabled  us  to  confirm  the  presence  of  this 
rounded  bulge  of  the  inner  wall,  and  to  compare  its  extreme 
hardness  with  the  adjacent  region  forward. 
16 
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After  careful  consideration  of  the  gravity  of  the  situation 
it  was  determined  not  to  proceed  with  the  removal  of  the 
small  and  probable  osteoma,  but  to  seek  further  information 
from  carefully  prepared  x-ray  examinations  and  the  dis- 
closures of  future  observations. 

The  septum  orbitale  and  external  wound  were  securely 
closed  and  the  conjunctival  sac  sutured,  and  his  recovery 
was  speedy  and  uneventful. 


A  NOTE  ON  THE  RELATION  OF  SEX  LINKAGE  TO 

CERTAIN  HEREDITARY  DISEASES  OF 

THE  EYES. 

LUCIEN  HOWE,  M.D., 

Buffalo,  N.  Y. 

Our  ignorance  of  heredity  as  a  factor  in  diseases  of  the 
eyes  is  too  well  known  to  require  more  than  mention.  Thus 
far  ophthalmologists,  like  other  members  of  the  medical 
profession,  have  been  content  simply  to  record  family  his- 
tories in  which  certain  deformities  or  diseases  seem  to  be 
hereditary.  But  the  time  is  approaching  when  we  are  able 
to  classify  at  least  some  of  these  anomalous  conditions.  That 
classification  will  give  us  a  clue  as  to  what  may  be  expected 
in  certain  lines  of  descent,  and  consequently  what  we  should 
say  when  a  person  asks  as  to  the  advisability  of  marrying 
into  a  family  in  which  a  certain  disease  has  appeared  with 
suspicious  frequency. 

Our  information  concerning  this  subject  will  apparently 
come  not  from  ophthalmologists,  but  from  geneticists.  Their 
many  experiments  in  breeding  show  two  things : 

First,  that  the  Mendelian  law  in  its  simple  form  applies 
even  to  peculiarities  of  the  eye. 

Second,  the  geneticists  have  also  shown  that  certain  im- 
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perfections  of  the  eyes  do  not  follow  the  Mendelian  law,  as 
that  was  first  stated,  but  a  given  abnormal  condition  may 
show  itself  preferably  either  in  the  male  or  in  the  female 
descendants.  For  this  reason  it  has  been  called  "sex- 
linked."  Many  interesting  and  instructive  experiments 
have  been  made  to  demonstrate  this  condition,  especially 
by  Professor  Morgan,  of  Columbia,  and  others. 

Thus,  if  a  red-eyed  female  of  a  small  fruit-fly  (Drosophila 
ampelophila)  is  crossed  with  a  white-eyed  male,  all  their  off- 
spring (technically  F-1)  will  have  red  eyes,  because  it  has 
been  found  that  the  red  eye  is  dominant  to  the  white  eye 
in  these  insects.  If,  then,  we  interbreed  the  offspring  of  this 
first  couple,  the  next  generation,  or  what  we  know  tech- 
nically as  the  second  filial  (F-2),  will  show  in  general  three 
pairs  of  red  eyes  to  one  pair  of  white  eyes.  This  apparently 
is  due  to  the  disposition  of  chromosomes,  giving  the  pre- 
dominance of  the  red  color  over  the  white.  Without  entering 
into  this  question  of  the  distribution  of  chromosomes,  suffice 
it  to  say  that  an  analogous  condition  exists  in  man,  in  that 
certain  hereditary  eye  diseases  tend  to  show  themselves 
either  in  the  male  or  female  descendants. 


A  CASE  SHOWING  MULTIPLE  CONGENITAL  AB- 
NORMALITIES OF  THE  EYE;  THE  ORIGIN  OF 
THE  VITREOUS  INDICATED  BY  ONE  OF  THEM.* 

HARVEY  HOWARD,  M.D,, 

Boston,  Mass. 
(From  the  Pathologic  Laboratory  of  the  Massachusetts  Charitable  Eye  and  Ear  Infirmary.) 

This  case  shows,  in  addition  to  several  well-known  mal- 
formations, certain  others  which  have  not,  so  far  as  I  know, 
been  described.  It  is  my  purpose  in  this  paper,  primarily, 
to  give  a  somewhat  detailed  pathologic  report  of  the  speci- 
men and  to  amplify  those  observations  in  particular  which 
have  a  possible  bearing  upon  the  much-mooted  question  of 
the  origin  of  the  corpus  vitreum  and  the  zonula  ciliaris,  and, 
secondarily,  to  contribute  certain  data  to  the  subject  of  the 
microscopic  anatomj^  of  the  eye  of  the  new-born  child. 

The  specimen  was  derived  from  an  Italian  child,  five  weeks 
old,  upon  whom  the  clinical  diagnosis  of  glioma  retina'  of  the 
left  eye  had  been  made.  For  the  specimen  and  the  oppor- 
tunit}'  of  reporting  the  case  I  am  indebted  to  Dr.  Verhoeff, 
who,  immediately  following  its  enucleation,  received  the 
eyeball  and  placed  it  in  a  fixing  solution. 

From  the  records  at  the  Infirmary  and  from  my  own  ex- 
amination of  the  child  and  conversation  with  the  mother  a 
year  after  the  operation  I  secured  the  following  data: 

Mother's  age,  thirty-two  years;  she  had  given  birth  to 
six  children  (all  boys),  this  case  being  the  youngest  and  the 
only  one  showing  congenital  abnormalities.  She  denied 
having  had  any  miscarriages;  the  deliveries  were  all  un- 
complicated; there  was  no  history  of  injury  to  the  child  at 
the  time  of  birth  nor  to  the  mother  during  pregnancy;  the 

*  Candidate's  thesis  for  membership  accepted  by  the  Committee  on  Theses. 
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child  at  birth  was  of  good  size  (weight  unknown)  and  ap- 
parently full-term;  it  showed  no  other  congenital  abnor- 
malities except  those  referred  to  the  left  eye. 

The  mother  brought  the  child  to  the  clinic  because  "the 
left  eye  glistened  and  appeared  blind."  She  thought  the 
eyes  were  of  the  same  size.  The  clinic  notes,  on  the  other 
hand,  make  reference  to  the  left  eye  appearing  slightly 
smaller  than  the  right,  but  no  comparative  measurements 
were  taken.  Without  using  artificial  illumination,  a  whitish 
reflex  was  visible.  The  instillation  of  atropin  solution  pro- 
duced only  a  slight  dilatation  of  the  pupil,  after  which  ob- 
lique artificial  illumination  showed  a  "whitish  interior  with 
vessels  running  over  it."  The  vision  of  the  eye  "appeared 
to  be  nil,"  although  no  record  of  testing  for  a  consensual 
pupillary  light-reflex  was  made.  The  right  eye  appeared  to 
be  normal  in  every  respect.  A  year  after  the  enucleation  of 
the  left  eye  the  corneal  diameter  of  the  right  was  found  to 
be  1 1  mm. ;  by  measurement  the  bony  orbit  on  the  left  side 
was  as  large  as  that  on  the  right,  and  there  was  no  asym- 
metry of  facial  contour.  The  left  orbit  was  clean  and  healthy 
and  contained  a  well-fitting  artificial  eye.  The  child  was 
normal  in  size  and  development. 

Macroscopic  Pathology. 

The  globe  externally  was  well  formed,  but  showed  a  slight 
posterotemporal  bulging  (Fig.  1).  After  fixation  it  mea- 
sured anteroposteriorly  17  mm.,  and  horizontally  16  mm. 
The  cornea  was  clear,  and  its  diameter  was  9.2  mm.  The 
curvature  of  the  cornea  in  comparison  with  that  of  the  sclera 
seemed  to  possess  the  normal  appearance.  The  lens  was 
partially  cataractous.  The  anterior  chamber  measured 
about  0.75  mm.  in  depth  and  appeared  to  be  free  from  coagu- 
lum.  The  iris  was  adherent  to  the  lens  around  the  pupillary 
margin  and  bulged  forward.  The  retina  and  the  choroid 
were  in  situ.  The  vitreous  had  shrunken  forw^ard,  leaving  a 
free  space  occupying  about  the  posterior  one-fourth  of  that 
chamber;  this  space  contained  a  little  serum.  The  optic 
nerve  and  disc  were  normal  in  appearance. 

The  eyeball  was  fixed  in  a  solution  composed  of  10  per 
cent,  formalin,  52  per  cent,  alcohol,  and  1  per  cent,  picric 
acid,  and  was  cut  in  horizontal  sections  about  10/x  thick. 
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Microscopic  Pathology. 

Cornea. — The  thickness  of  the  cornea  varies  from  0.43 
mm.  at  the  center  to  0.72  mm.  at  the  periphery.  Unless 
otherwise  specified,  all  measurements  may  be  considered  as 
taken  from  an  average  horizontal  meridional  section.  The 
epithelium  is  normal,  and  varies  in  thickness  from  40  to  50  ju 
at  the  center  to  80  m  at  the  limbus,  where  active  mitosis  of 
the  posterior  layer  of  cells  is  seen  to  be  particularly  marked. 
Bowman's^^  membrane  is  14  to  18  fx  thick;  along  its  posterior 
border  the  lamellae  of  the  stroma  seem  still  to  be  undergoing 
differentiation,  for  the  two  layers  fade  off  gradually  one  into 
the  other.  The  peripheral  limits  extend  to  within  0.4  to  0.7 
mm.  from  a  line  perpendicularly  to  the  cornea  at  the  anterior 
tip  of  the  scleral  roll.  Measured  with  a  micrometer  scale, 
the  maximum  length  of  chord  connecting  the  peripheral 
limits  of  this  membrane  is  8.7  mm.,  and  the  length  of  the 
arc  itself  is  exactly  10  mm.*  The  stroma  varies  from  0.365 
to  0.62  mm.  in  thickness;  its  structure  throughout  is  that 
of  a  normal  child's  stroma.  Descemet's^*^  membrane  (2-4  n 
in  thickness),  even  with  Van  Gieson's  and  with  Verhoeff's^°^ 
elastic  tissue  stain,  does  not  show  up  as  well  as  it  does  in  the 
adult.  The  differentiation,  however,  is  plain  enough  to 
show  this  membrane  definitely  dividing  at  the  periphery, 
and  continuing  on  as  the  homogeneous  glass  membrane 
which  covers  the  trabeculse  of  the  ligamentum  pectinatum. 
In  some  sections  it  is  actually  seen  to  extend  part  way  around 
the  inner  surface  of  the  curve  of  the  embryonic  tissue  at  the 
corneo-iridic  angle  (Fig.  2),  where  it  gradually  fades  out  and 
disappears  among  the  trabeculse  of  the  pectinate  ligament 
and  in  the  loose  stroma  of  the  iris  root.  No  delicate  elastic 
lamina  can  be  demonstrated  between  Descemet's  membrane 
and  the  corneal  stroma.  A  single  layer  of  endothelium  covers 
the  internal  surface  of  the  membrane  and  continues  around 
the  iris  angle  over  the  anterior  surface  of  the  iris. 

Sclera. — Thickness  at  limbus,  0.64  mm.;  over  the  tip  of 
the  scleral  roll,  0.45  mm.;  at  the  equator,  0.25  mm.;  over 
fovea  centralis,  0.6  mm.;  about  one-half  millimeter  dis- 
tance from  optic  nerve,  0.78  mm.  The  distance  from  the 
posterior  limit  of  the  insertion  of  the  rectus  muscle  to  the 

*  The  significance  of  these  measurements  will  be  published  later  in  a  separate 
paper. 
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scleral  spur  is  found  to  be — temporal  side,  6.8  mm. ;  nasal 
side,  5.2  mm.  No  chromatophores  are  present,  not  even  in 
the  tissue  of  the  posterior  segment  adjacent  to  the  choroid. 
Elastic  fibers  are  present  in  normal  amount,  both  in  the 
scleral  and  episcleral  tissue. 

Meshwork  of  the  Iris  Angle  (Fig.  2). — Its  fetal  character- 
istics are  still  evident  in  that  the  tissue  is  loosely  connected, 
the  meshwork  spaces  of  Fontana  are  large,  and  the  angle  is 
still  spanned  with  trabeculae  which  make  it  curved  rather 
than  acute.  From  the  scleral  roll  to  its  anterior  limit  behind 
Descemet's  membrane  the  meshwork  measures  0.42  to  0.48 
mm.;  the  apex  of  the  iris  angle  is  0.34  to  0.4  mm.  anterior 
to  the  tip  of  the  scleral  roll,  whereas  in  the  adult  eye  the  angle 
generally  extends  0.1  to  0.2  mm,  behind  the  scleral  roll. 
There  is  no  obvious  division  between  the  scleral  and  the  uveal 
meshwork,  which  together  are  generally  known  as  the  liga- 
mentum  pectinatum.  The  two  can  be  differentiated  only  by 
an  examination  of  their  trabecular  structure.  The  uveal 
trabeculae  are  the  rounder  and  contain  no  elastic  fibers. 
The  canal  of  Schlemm,  on  the  nasal  side,  is  composed  of  two 
to  five  spaces  lined  with  endothelium.  On  the  temporal  side 
none  of  the  sections  shows  the  presence  of  a  canal;  the 
trabeculae  of  scleral  meshwork  extend  without  interruption 
into  the  scleral  furrow.  Within  the  tissue  of  the  ligamentum 
pectinatum  on  the  nasal  side,  and  partly  bulging  into  the 
anterior  chamber,  several  sections  show  an  ovoid  mass  of 
dense  nucleated  fibrous  connective  tissue,  0.050  mm.  long 
and  0.019  mm.  wide,  surrounded  by  a  capsule  which  is 
similar  in  structure  and  staining  reaction  to  and  continuous 
with  Descemet's  membrane.  The  minimum  depth  of  the 
anterior  chamber  is  0.7  mm.  It  contains  a  small  amount  of 
albuminous  precipitate. 

Choroid. — Its  thickness  ranges  from  0.015  mm.  anteriorly 
to  0.03  mm.  posteriorly.  It  should  be  stated,  however,  that 
this  layer  is  probably  compressed,  because  the  specimen  was 
hardened  in  formalin  solution.  The  so-called  suprachoroidal 
space*  is  open  in  most  of  the  sections  from  the  scleral  spur 

*  Schwalbe'"'  was  the  first  to  declare  the  presence  between  the  sclera  and  the 
uvea  of  a  lymph-space  communicating  along  the  vessels  and  nerves  with  the 
capsule  of  Tenon.  Elschiiig'-  thinks  that  a  strong  contraction  of  the  ciliary 
muscle  occurs,  even  in  the  new-born,  sufficient  to  open  up  a  potential  space. 


248  Howard:  Multi'ple  Congenital  Abnormalities  of  Eye. 

to  about  the  posterior  end  of  the  longitudinal  ciUary  muscle. 
Behind  this  the  sclera  and  choroid  are  firmly  adherent.  No 
chromatophores  are  present.  The  lamina  vitrea  chorioidece 
(membrane  of  Bruch)  shows  its  double  lamination  through- 
out. The  delicate  homogeneous  inner  layer  is  brought  out 
well  in  bleached  sections,  and  in  sections  stained  by  Van 
Gieson's  method.  The  elastic  fiber  lamina  or  net  (stratum 
elasticum  chorioidece)  is  shown  with  marked  clearness  in  sec- 
tions prepared  with  Verhoeff's^'^^  elastic  tissue  differential 
stain.  In  one  section,  where  the  choroidal  structure  has  been 
artificially  loosened  for  most  of  its  length,  the  division  of  the 
stratum  vasculare  into  Haller's  layer  of  large  vessels,  Sattler's^'* 
layer  of  medium-sized  vessels,  and  the  choriocapillaris,  or 
membrane  of  Ruysch,  can  in  general  be  distinguished,  but 
this  division  is  even  more  of  an  arbitrary  one  than  it  is  in  the 
adult.  The  choriocapillaris  is  not  a  complete  layer  through- 
out, for  here  and  there  for  short  distances  only  delicate  con- 
nective-tissue fibers  are  visible  between  Bruch 's  membrane 
and  Sattler's  vessel  layer.  Permeating  the  stroma  of  deli- 
cate connective  tissue  and  fibrillse  in  all  directions  are  numer- 
ous elastic  tissue  fibers  which  not  only  form  irregular  lamina- 
tions between  the  vessel  layers  and  between  the  suprachoroid 
and  Haller's  layer,  but  also  run  in  and  out  among  and  around 
the  larger  and  medium-sized  vessels. 

Ciliary  Body. — In  individual  sections  there  is  considerable 
difference  in  the  length  of  the  ciliary  body  on  the  temporal 
and  nasal  sides  (as  much  as  0.6  mm.),  but  in  successive  sec- 
tions neither  side  is  uniformly  the  longer;  in  some  sections 
the  nasal  side  is  the  longer;  in  others,  the  temporal;  in  fact, 
the  average  length  of  each  side,  taken  from  a  number  of 
meridional  sections,  proves  to  be  the  same,  viz.,  2.8  mm., 
of  which  the  corona  ciliaris  contributes  about  0.4  mm.  and 
the  orhiculus  ciliaris  2.4  mm.  The  ciliary  processes  (three 
to  five)  are  long  and  slender  (Fig.  5).  Some  sections  (on 
one  side  only)  show  them  as  straight,  finger-like  processes 
without  plications;  others  show  them  with  many  lateral 
plications.  The  processes  are  not  set  well  back  on  the  ciliary 
body,  but  rather  on  the  root  of  the  iris.  On  the  nasal  side, 
in  particular,  the  anterior  ciliary  process  sometimes  appears 
as  if  it  were  a  branch  from  the  posterior  peripheral  surface 
of  the  iris.     No  doubt  its  true  relations  are  distorted  some- 
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what  by  the  drawing  forward  of  all  the  processes  by  the  lens, 
which  lies  considerably  farther  forward  than  normal;  con- 
sequently the  anterior  end  of  the  orbiculus  ciliaris  in  some 
sections  is  found  to  be  in  a  plane  as  far  forward  as  the  apex 
of  the  corneo-iridic  angle.  The  bundles  of  longitudinal 
muscle-fibers  (muscle  of  Briicke)  are  fairly  well  developed, 
but  the  bundles  of  circular  muscle-fibers  (muscle  of  Heinrich 
Miiller)  are  proportionately  less  so,  and  are  separated  by 
a  considerable  amount  of  loose  collagenous  tissue.  The 
vessel  layer  consists  of  but  a  comparatively  few  small-sized 
vessels  embedded  in  a  loose  stroma  of  collagenous  tissue. 

When  the  lamina  vitrea  chorioidece  reaches  the  orbiculus 
ciliaris,  the  two  layers  composing  the  former  are  seen  slightly 
to  separate  and  to  extend  forward  in  almost  parallel  lines. 
Between  the  two,  very  delicate,  non-nucleated  connective 
tissue  can  here  and  there  be  demonstrated.  In  bleached 
sections  and  in  sections  stained  with  Van  Gieson's  method 
the  inner  homogeneous  layer  or  cuticular  lamella,  which  is 
called  by  Salzmann^^  the  external  glass  membrane  of  the 
pars  ciliaris  retince  and  by  some  others  the  reticulum  of  Hein- 
rich Miiller,  continues  on  in  apposition  to  the  posterior  sur- 
face of  the  layer  of  pigmented  epithelium  as  far  forward  as 
the  first  ciliary  process,  where  fibrillation  of  the  layer  actually 
begins  to  show,  and  thence  throughout  the  whole  of  the 
corona  ciliaris  to  the  very  beginning  of  the  dilator  pupillce 
muscle  in  the  iris;  this  homogeneous  layer  is  entirely  re- 
placed by  a  rather  indefinite  layer  of  straight  and  wavy 
collagenous  fibrillar.  The  elastic  fiber  lamina  throughout 
the  orbiculus  ciliaris  is  deeply  stained  and  is  much  thicker 
than  it  is  in  the  choroid;  it  sends  off  at  a  slight  angle  out- 
ward a  few  straight  fibers  into  the  vessel-layer,  and  also 
little  twigs  inward  through  the  interlamellar  connective 
tissue  toward  the  homogeneous  membrane.  This  elastic 
fiber  lamella  or  net,  upon  reaching  the  first  ciliary  process, 
loses  its  laminated  appearance.  It  now  appears  definitely 
as  a  fiber  net  which  becomes  more  and  more  branched  in  the 
form  of  smaller  straight  fibers  and  irregular  bundles  extend- 
ing into  the  collagenous  tissue  of  the  vessel  layer.  Elastic 
fibers  are  found  in  the  stroma  tissue  of  all  the  ciliary  proc- 
esses, but  their  number  gradually  diminishes  toward  the 
iris;  in  one  well-stained  specimen  elastic  fibers  are  seen  here 


250  Howard:  Multiple  Congenital  Abnormalities  of  Eye. 

and  there  in  the  collagenous  connective  tissue  as  far  forward 
as  the  iris  root,  where  several  fibers  are  also  visible. 

The  layer  of  pigmented  epithelial  cells  (stratum  pigmenti) 
ranges  from  8  to  15  m  in  thickness  throughout  the  corona, 
and  averages  very  uniformly  about  20 /x  in  the  orbiculus 
ciliaris.  The  pigmentation  is  fully  as  dense  in  the  ciliary 
body  as  it  is  in  the  iris,  and  as  dense  in  the  crests  as  it  is  in 
the  valleys  of  the  processes.  The  pigment-granules  are  of 
both  varieties,  the  same  as  are  found  in  this  case  in  the 
choroidal  pigment  layer  and  the  iris  (q.  v.),  viz.,  light  brown 
or  brownish  yellow  rods  and  spindles  and  larger  round  gran- 
ules. There  are  fewer  rods  and  spindles  in  the  corona  than 
are  found  in  the  orbiculus  ciliaris,  choroid,  and  iris.  On 
account  of  the  presence  of  Lange's  fold  of  the  retina,  some 
sections  show  the  pigmented  layer  of  the  posterior  orbiculus 
on  the  nasal  side  not  covered  with  ciliary  epithelium.  In 
this  location  one  or  two  small  ciliary  processes  are  seen  in  the 
course  of  formation.  Both  fully  differentiated  and  transi- 
tional retina  extend  forward  over  the  orbiculus.  On  the 
temporal  side  the  non-pigmented  ciliary  epithelium  generally 
begins  at  about  one-third  the  distance  to  the  corona;  on 
the  nasal  side  the  retina,  formed  in  a  fold  of  Lange,  extends 
as  far  forward  as  the  corona  (Fig.  1),  and  sometimes  even  be- 
yond, and  consequently  is  separated  from  the  underlying 
pigmented  layer  for  a  considerable  distance  before  reattach- 
ing in  variable  locations  behind  the  corona.  The  ciliary  epi- 
thelial layer  of  pars  plana  retinoe  and  the  first  one  or  two 
ciliary  processes  are  composed  of  long  cylindric  cells  with 
elongated  nuclei.  The  cells  slant  forward  as  if  on  traction. 
Only  for  a  short  distance  anterior  to  the  transitional  retina 
does  the  ciliary  epithelial  layer  possess  anything  that  re- 
sembles a  membrana  limitans  interna.  At  any  rate,  in  the 
anterior  orbiculus  and  the  posterior  ciliary  processes  there 
is  none  (unless  one  should  consider  the  individual  membrane 
of  the  projecting  unpigmented  epithelial  cells  such  a  mem- 
brane), for  the  cylindric  ciliary  epithelial  cells  internally  go 
over  into  finely  striated,  sharply  conic  or  spindle-shaped 
processes  which  increase  the  length  of  the  cells  two  or  three 
times  over  the  normal.  From  their  spindle-shaped  ends 
appear  to  come,  as  if  from  the  cell  membrane  itself,  one  and 
perhaps  two  or  more  straight  homogeneous  fibers,  which,  as 
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zonular  fibers,  cross  the  spatia  zonularis  to  become  attached 
anteriorly  to  the  lens-capsule,  or  equatorially  and  pos- 
teriorly to  the  persistent  fibrovascular  sheath  of  the  lens. 
These  fibers  seem  to  come  from  or  to  be  attached  to  the  cells 
composing  the  crests  even  more  than  from  those  of  the 
valleys.  Anterior,  as  a  rule,  to  the  first  posterior  ciliary 
process  a  gradual  transition  from  long  cylindric  to  cuboid 
cells  with  round  nuclei  takes  place.  Appearing  as  exoplastic 
processes  from  the  membranes  of  many  of  these  cells  there 
are  seen  fibers  which  extend  to  the  lens-capsule.  In  some 
sections  where  the  anterior  ciliary  processes  have  practically 
no  lateral  plications  and  their  internal  surface  is  compara- 
tively smooth,  there  appears  again  what  may  be  considered 
a  very  delicate  internal  limiting  membrane,  and  from  this 
membrane  there  seem  to  arise  delicate  zonular  fibrils  which 
soon  unite  with  others  to  form  larger  fibers,  which  in  their 
turn  proceed  in  a  straight  course  toward  the  lens- capsule-. 
Again,  in  some  sections  there  are  found  ciliary  processes 
which  had  apparently  only  recently  been  in  mutual  contact, 
and  whose  ciliary  epithelial  cells  are  drawn  out  in  spicules 
from  the  ends  of  which  appear  fibers  similar  in  morphology 
and  staining  reaction  to  zonular  fibers,  which  span  the  space 
between  the  processes,  i.  e.,  one  end  is  not  in  the  lens-cap- 
sule. This  arrangement  of  cross-fibers  is  seen  also  between 
some  lateral  plications  of  the  same  ciliary  process. 

Iris. — The  width  from  pupillary  margin  to  iris  root,  taken 
from  a  number  of  sections,  averages,  on  the  temporal  side, 
2.83  mm.,  and  on  the  nasal  side,  2.32  mm.  (a  difference  in 
width  of  0.51  mm.,  showing  that  the  pupil  is  displaced  to- 
ward the  nasal  side  0.25  mm.)  (Fig.  1).  The  maximum  hori- 
zontal pupillary  diameter  is,  over  the  arc  of  the  lens,  4.2 
mm.,  and  by  length  of  chord,  3.68  mm.  The  iris  is  very  thin 
in  cross-section,  especially  on  the  temporal  side  (Fig.  3). 
This  thinness  is  more  marked  near  the  periphery. 

There  is  a  complete  posterior  synechia  of  the  pupillary 
margin  to  the  lens-capsule  (Fig.  1,  6).  At  the  site  of  the  ad- 
hesion there  is  no  evidence  of  previous  inflammation — no 
proliferation  of  connective  tissue,  no  deposits  of  exudate, 
and  no  infiltration  of  the  surrounding  tissues  with  lympho- 
cytes and  leukocytes.  On  the  temporal  side  this  adhesion 
averages  0.22  mm.  in  width;    on  the  nasal  side,  0.48  mm. 
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These  measurements  do  not  include  the  contact  area  of  the 
persistent  pupillary  membrane  (vide  infra). 

Nearly  all  the  sections  show  on  both  nasal  and  temporal 
sides  an  inversion  of  the  pupillary  margin  (entropium  uvece, 
Figs.  3,  b,  and  4,  6),  a  sharp  turning  inward  and  backward 
of  all  the  layers,  and  in  consequence  a  reversal  of  position 
in  their  relation  to  the  lens  and  a  doubling  of  all  the  layers 
from  behind  forward  occur.  The  adhesion  to  the  lens, 
therefore,  is  made  by  the  iris  stroma  and  not  by  the  pos- 
terior pigmented  layer  of  epithelium  (pars  iridica  retince). 
In  only  a  few  sections,  and  then  only  on  the  nasal  side,  do 
the  layers  at  the  pupillary  margin  maintain  their  normal 
position  and  the  pigment  layer  lie  in  contact  with  the  lens- 
capsule,  but  in  this  case  the  sphincter  pupillce  muscle  and  the 
stroma  extend  centrally  over  the  pigment  layer  and  also  lie 
in  contact  with  the  lens. 

•  In  addition  there  is  a  conspicuous  membrana  pupillaris 
perseverans  (Figs.  3,  a,  and  4,  a).  It  is  composed  of  tissue 
identical  in  structure  with  the  iris  stroma,  upon  which  it 
lies.  There  is  no  line  of  demarcation  between  them;  their 
tissues  blend  one  into  the  other.  There  are  two  or  three 
places  on  the  anterior  surface  where  the  pupillary  membrane 
has  either  broken  and  separated  or  been  absorbed,  and  at 
these  points  are  well-marked  iris  crypts  (Fig.  4,  c).  One 
prominent  crypt,  entirely  independent  of  the  pupillary  mem- 
brane, is  located  near  the  iris  root;  another  one  appears  in 
some  sections  to  be  forming  near  the  pupillary  margin,  at 
the  angle  between  the  iris  stroma  and  the  pupillary'  mem- 
brane. Some  sections  show  the  persistent  pupillary  mem- 
brane extending  inward  over  the  stroma  and  forming  con- 
tact with  the  lens  before  being  cut  off  by  the  knife  in  sec- 
tioning; other  sections  show  but  a  short  stub  of  a  membrane 
or  no  stub  at  all,  and  one  or  two  small  blood-vessels  cut  in 
cross-section,  suggesting  that  their  course  probably  was 
circular.  Other  tiny  vessels  or  capillaries  are  seen  here  and 
there  in  the  pupillary  space,  lying  on  the  anterior  surface 
of  the  lens-capsule.  A  more  significant  feature  is  the  pres- 
ence of  a  few  capillaries  on  the  equatorial  surface  of  the 
lens,  between  the  iris  in  front  and  the  persistent  tunica 
vasculosa  lentis  behind,  and  an  occasional  capillary  lying 
between  the  lens-capsule  and  the  adherent  iris. 


Fig.  1. — r;,  Shallow  anterior  chambor;  />,/>,  posterior  synechia,  "iris  bombe" 
on  temporal  side;  c,  ora  serrata  at  border  of  the  narrow  corona  ciliaris;  d, 
fibrovascular  sheath  of  lens  showing  stub  of  hyaloid  artery  and  adhesion  of 
sheath  to  the  ciliary  processes  (X  4.5). 


Fig.  2. — Fibrous  connective-tissue  tumor   of    ligament um    pectinatum,  sur- 
rounded by  a  capsule  continuous  with  Descemet's  membrane  (X  375). 


Fig.  3. — Pupillary  zone  of  iris,  tem- 
poral side,  a,  Persistent  pupillary  mem- 
brane;   b,  entropium  uveae  (X  35). 


Fig.  4. — Pupillary  zone  of  iris,  nasal 
side.  «,  Persistent  pupillary  membrane 
showing  blood-vessels;  b,  entropium  uveas 
c.  unusually  large  iris  crypt  (X  00). 
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On  the  temporal  side  the  iris  is  bowed  forward  hke  an 
iris  bombc  (Fig.  1,6),  and  comes  within  0.08  mm.  of  forming 
eontaet  with  the  posterior  surface  of  the  cornea,  whereas 
on  the  nasal  side  the  iris  is  either  practically  straight  or 
actually  bent  backward  by  the  pull  of  adhesions  (vide  infra) 
between  its  posterior  surface  anteriorly  and  the  ciliary  proc- 
esses and  lens  posteriorly. 

The  stroma  tissue  is  normally  loose  and  vascular.  Several 
elastic  fibers  are  seen  in  th(»  region  of  the  iris  root,  and  iso- 
lated strands  or  coils  about  half-way  to  the  pupillary  margin. 
No  chromatophores  are  visible.  Pigmented  clump  cells 
of  Koganei  are  found  in  goodly  number  in  the  sphincter 
pupilhe,  and  a  few  smaller  ones  scattered  throughout  the 
stroma.  One  or  two  pigment  spurs  of  Michel  are  present 
near  the  peripheral  margin  of  the  sphincter  muscle;  also 
occasionally  a  pigment  spur  of  Fuchs.  Quite  pronounced 
is  the  frequent  appearance  of  hyaline  globules  of  various 
sizes  in  the  meshwork  of  the  loose  stroma  tissue,  and  the 
presence  of  an  occasional  one  lying  on  the  anterior  surface 
of  the  iris;  these  are  more  numerous  in  the  peripheral  half 
of  the  stroma. 

In  l^leached  sections  the  sphincter  pupilhe  muscle  appears 
well  developed.  Its  length  is  0.7  mm.,  and  its  thickness 
ranges  from  0.08  mm.  to  0.15  mm.  The  dilator  pupillse 
muscle  is  delicate  and  thin,  except  at  its  peripheral  end, 
where  it  attains  a  thickness  of  10 /x;  it  appears  to  be  an  inte- 
gral part  of  the  cells  of  the  outer  or  anterior  pigmented  layer. 

The  cells  composing  the  anterior  layer  of  pigmented  epi- 
thelium are  seen  in  bleached  sections  to  range  from  5  to 
25  fjL  in  depth.  The  yellowish-brown  pigment-granules  are 
not  only  of  the  round  variety,  but  also  of  the  elongated  rod- 
and  s])indle-shaped.  The  posterior  pigmented  layer  has  the 
same  kind  of  granules.  Here  and  there  throughout  the  pig- 
ment layers  are  found  numbers  of  circular  masses  of  closely 
packed  granules.  The  appearance  of  these  masses,  which 
are  variable  in  size,  suggests  the  presence  of  a  capsule,  but 
none  of  the  staining  methods  reveals  one. 

The  most  striking  feature  of  the  iris  is  the  condition  found 
on  its  posterior  surface.  Here  we  find  in  each  section  one 
to  five  (Figs.  5  and  6)  long,  cone-shaped  projections  extend- 
ing backward  into  the  posterior  chamber.     Some  of  these 
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projections  (those  nearest  to  the  cihary  body)  are  composed 
of  a  base  of  pigmented  cells  and  a  superstructure  partly  of 
pigmented  and  partly  of  non-pigmented  epithelial  cells; 
the  latter  had  most  likely  proliferated  from  the  layer  of 
ciliary  epithelial  cells  at  the  time  when  the  anterior  ciliary 
process  and  the  posterior  surface  of  the  iris  were  in  contact. 
Other  iris  processes  are  composed  entirely  of  pigmented  epi- 
thelial cells.  In  bleached  sections  nuclei  are  plainly  visible 
nearly  to  the  tips  of  all  these  processes.  These  nucleated 
processes  are  as  long  as  0.22  mm.  in  some  instances.  From 
the  ends  of  these  processes  exoplastic  fibers  extend  to  join 
to  other  structures  behind.  These  fibers  are  identical  in 
morphology  and  staining  reaction  to  zonular  fibers.  Fibers 
connected  to  some  of  these  iris  processes  extend  across  the 
posterior  chamber  to  the  surface  of  the  lens  anterior  to  the 
equator  (Figs.  5,  a,  and  10,  a) ;  fibers  connected  to  other  proc- 
esses extend  to  the  fibrovascular  sheath  at  the  equator  of 
the  lens  (Fig.  6) ;  and  connected  to  still  others  (which  are 
in  the  majority  and  are  found  nearer  the  periphery  of  the 
iris)  fibers  run  backward  to  connect  with  ciliary  epithelial 
cells  of  the  adjacent  ciliary  process.  The  remaining  fibers 
are  broken  or  cut  off  in  sectioning,  and  consequently  their 
posterior  connections  are  unknown,  but  their  general  direc- 
tion indicates  their  previous  posterior  junction  with  one  of 
the  three  above-mentioned  structures.  All  the  processes 
from  the  posterior  surface  of  the  iris  are  confined  to  its  peri- 
pheral half.  In  addition  there  are  direct  adhesions  of  their 
respective  cells  between  the  adjacent  ciliary  processes  and 
the  posterior  surface  of  the  iris  near  its  root,  as  are  found  in 
late  embryos,  especially  on  the  nasal  side  (Fig.  10). 

Pigmented  Layer  of  the  Choroid. — The  single  layer  of  flat 
cells  composing  this  is  3  to  6  ju  thick.  This  layer  is  probably 
compressed  by  the  formalin  fixation  in  the  same  way  that 
the  choroid  is.  The  light-brown  granules  appear  round, 
rod,  and  spindle-shaped,  and  a  few  as  longish  crystals.  In 
a  few  sections  there  is  seen  on  the  temporal  side  of  the  optic 
disc  a  small  open  loop  composed  of  the  end-to-end  union  of 
the  two  layers  of  the  secondary  optic  vesicle.  Here  the  pig- 
ment layer  ends  short  of  the  optic  disc  margin  by  about  0.1 
mm.,  and  the  retinal  layer,  which  is  of  the  transitional  type, 
curves  around  outward  and  forward  after  reaching  the  disc, 


Fifj.  5. — Tcinponil  view  of  iris,  ciliiiry  body,  and  lon.s.  a,  Iris  process, 
ooniiccted  to  lens  by  zonular  fibers;  b,  fibrovascular  sheath  connected  to 
ciUary  processes  (X  35). 


Fifi.  6. — ^Nasul  view  of  processes  from  the  posterior  surface  of  iris  connected  to 
the  fibrovascuhir  sheath  of  the  lens  by  zonular  fibers  (X  210). 


Fig.   7. — Retinal  processes  extending  into  vitreous;    the  largest  one  shows, 
what  appear  to  be,  zonular  fibers  (X  lOo). 
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and  runs  on  to  meet  the  pigment  layer  end  to  end:  i.  e.,  to 
all  appearances  the  two  layers  are  continuous  in  the  same 
way  as  they  are  at  the  pupillary  margin.  In  a  bleached  sec- 
tion the  external  limiting  membrane  (membrana  fenestrata 
epithelii)  of  the  retina  appears  to  be  continuous  with  the 
internal  limiting  membrane  of  the  pigment  layer. 

Retina. — Average  length,  33.92  mm.,  of  which  the  nasal 
side  contributes  18.89  mm.  and  the  temporal  side  15.03  mm. 
The  thickness  of  the  retina  varies  greatly,  which  can  best 
be  indicated  by  the  following  measurements : 

Temporal  Side.  Nasal  Side. 

Near  optic  nerve 0.28  mm.  O.IS  mm. 

Near  the  equator 0.12  mm.  0.12  mm. 

Near  the  periphery 0.14  mm.  0.24  mm. 

The  extension  of  the  retina  forward  (i.  e.,  the  ora  serrata) 
over  the  pars  plana  ciliaris  is  described  under  the  section 
"Ciliary  Body." 

All  sections  show  peripherally  a  space  between  the  retina 
and  the  pigment  layer.  This  space  contains  a  little  al- 
buminous precipitate.  The  retina  here  is  partly  transitional 
or  rudimentary  in  type,  and  on  the  nasal  side  is  thrown  into 
a  fold  of  Lange  (Figs.  11,  a,  and  10.  b),  evidently  because  it 
grew  faster  than  the  overlying  layers  of  the  eyeball  and  is 
consequently  longer.  This  transitional  retina  is  seen  to  be 
in  all  stages  of  differentiation.  This  is  most  evident  at  the 
germinal  or  ependymal  surface,  whence  the  rods  and  cones 
develop.  Some  of  the  cells  distinctly  show  diplosomes,  and 
other  cells  between  them  and  the  wholly  differentiated  retina 
show  the  developing  visual  organs  in  all  stages  from  a  tiny 
bulging  up  to  the  full-sized  rod  or  cone.  Lying  in  the  vitre- 
ous near  the  ora  serrata,  and  separated  from  the  rest  of  the 
retina,  is  an  occasional  large,  circular,  roset-like  body  with 
a  hollow  circular  center  (Fig.  11,  d).  It  is  composed  of  a 
radial  arrangement  of  rudimentary  retinal  tissue-cells  which 
converge  upon  a  basal  membrane. 

The  retinal  layers  are  well  developed.  The  fovea,  however, 
is  not;  its  central  depression  is  shallow,  and  the  elevation  of 
its  wall  is  only  barely  suggested.  Here  also  all  the  layers  of 
the  retina  are  still  present;  the  ganglion-cell  and  the  in- 
ternal nuclear  layers  each  show  three  or  four  rows  of  nuclei, 
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although  somewhat  spaced  out,  while  the  external  nuclear 
layer  is  reduced  to  one  row. 

Miiller's  supporting  fibers  are  brought  out  by  Mallory's" 
neuroglia  stain.  Internally  these  fibers  broaden  out  and 
unite  as  "foot-plates"  over  the  hyaloid  membrane  {mem- 
brana  limitans  interna) ;  externally  no  connection  between 
them  and  the  external  limiting  membrane  {membrana  fenes- 
trata  epithelii)  can  be  demonstrated.  In  no  instance  can 
they  be  followed  farther  out  than  the  internal  margin  of  the 
external  plexiform  layer  (fiber  layer  of  Henle^^). 

The  most  striking  thing  about  the  retina  is  the  presence 
of  numerous  processes  projecting  into  the  vitreous  (Fig.  7). 
Some  sections  show  as  many  as  15  processes,  a  few  of  which 
are  found  as  far  back  as  the  equator.  The  frequency  of  the 
processes  is  about  equal  on  the  two  sides.  Some  of  the  proc- 
esses are  more  than  0.5  mm.  in  length  and  about  25  ju  in 
thickness.  Most  of  the  processes  (not  lying  exactly  in  the 
plane  of  the  section)  are  cut  off  before  there  is  any  evidence 
of  their  coming  to  a  natural  termination  or  having  a  distal 
insertion  or  connection.  But  a  few  processes  apparently  lie 
in  the  same  plane  as  the  section;  these  show  at  their  tips  a 
tuft  or  spray  of  straight,  fine  homogeneous  fibers,  which 
radiate  through  the  vitreous  fibers  and  are  finally  lost.  The 
tip  of  one  process  is  1.4  mm.  from  the  probable  site  of  its 
origin  in  the  retina,  but  the  peripheral  half  is  not  seen  in  the 
same  section,  but  is  in  the  next,  the  process  having  been 
severed  a  little  obliquely  in  the  sectioning.  The  processes, 
together  with  their  roots,  which  extend  in  some  instances 
half-way  into  the  substance  of  the  retina,  are  tilted  forward ; 
a  few  anterior  ones  are  bent  even  more  and  make  a  sharp 
angle  with  the  internal  surface  of  the  retina.  The  processes 
appear,  therefore,  either  to  have  been  put  on  the  stretch 
by  something  which  has  pulled  them  forward  and  inward,  or 
to  have  been  pushed  forward  by  something  pressing  against 
them  from  behind  and  on  the  inside,  so  that  their  tendency 
has  been  to  fold  forward  and  outward  against  the  retina; 
but  no  process  has  been  completely  folded  into  contact  with 
the  retina. 

The  processes  are  composed  of  spindle-shaped  cells  with 
elongated  nuclei.  They  stain  positively  with  Mallory's 
phosphotungstic-acid-hematoxylin  stain  for  neuroglia  tissue. 
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These  eells  are  continued  into  the  retina  in  all  direetions  as 
roots  of  the  processes,  and  are  h(;re  not  to  be  differentiated 
from  the  cells  and  nuclei  of  Miiller's  fibers.  The  roots  may 
be  traced  outward  as  far  as  Henle's  fiber  layer.  It  happens 
that  a  few  of  these  processes  are  in  close  apposition  with 
their  roots  to  vessels  containinji'  blood,  which  are  found  in 
the  ganglion-cell  layer,  but  in  no  case  does  any  one  of  the 
processes  show  evidence  of  a  lumen  or  a  continuous  and  de- 
finite union  with  a  vessel.  The  nuclei  of  the  cells  of  the  proc- 
esses vary  considera})ly  in  their  shape  and  in  the  density  of 
their  chromatin;  most  of  them  are  very  long  and  elliptic 
and  take  the  stain  faintly;  but  a  few  are  short  and  nearly 
oval  and  have  deeply  stained  chromatin.  One  process  shows 
distinctly  two  nuclei  in  the  chromosomes'  stage  of  mitosis, 
indicating  that  active  proliferation  is  still  going  on.  The 
membrane  of  the  processes  is  contiimous  with  the  so-called 
hyaloid  membrane  of  the  retina,  although  in  each  case  this 
membrane  is  very  delicate.  To  the  tip,  as  well  as  to  the  sides, 
of  the  processes,  vitreous  fibers  are  attached.  These  seem 
to  come  from  or  join  to  the  surface  of  the  membrane,  ap- 
parently as  a  part  of  it;  at  least  the  fibers  do  not  enter  the 
structure  of  the  process  beneath  the  membrane,  nor  is  there 
any  visible  thickening  of  the  membrane  where  the  fibers 
unite  with  it. 

Hyaloid  Membrane  {Membrana  Limiians  Interna). — In 
addition  to  the  union  of  the  foot-plates  of  Miiller's  fibers 
along  the  inner  surface  of  the  retina  a  very  delicate  mem- 
brane can  be  seen.  This  is  so  delicate — no  more  than  a  line 
— that  a  definite  structure  cannot  be  demonstrated. 

Optic  Nerve. — The  maximum  width  of  the  foramen  opticurn 
lamince  vitreoe  chorioidece  is  1  mm.  The  length  of  the 
severed  nerve  is  nearly  2  mm.,  measured  from  the  internal 
surface  of  the  disc.  Sections  prepared  with  VerhoefT's 
myelin  sheath  stain ^"'^  fail  to  show  the  presence  of  a  medullary 
sheath,  but  in  the  same  section  the  ciliary  nerves  close  by 
the  optic  nerve  do  show  myelin  sheaths  throughout. 

From  the  nasal  side  of  the  optic  nerve  internally  a  large 
patent  hyaloid  artery  is  found  extending  into  the  vitreous 
(Fig.  9).  Its  lumen  is  filled  with  blood.  Some  of  the  sec- 
tions show  a  stub  of  an  artery  about  1  mm.  long  before 
being  severed.    In  every  case  the  neurogliar  mantle  extends 
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around  the  vessel  to  the  tip  of  the  stub,  so  it  is  impossible 
to  state  just  how  far  forward  the  mantle  did  extend,  for  in 
the  process  of  sectioning  and  mounting  most  of  the  hyaloid 
arter}'^  and  its  branches  were  lost.  In  the  vitreous,  however, 
especially  toward  the  nasal  side,  a  few  of  the  sections  show 
cross-sections  of  hyaloid  vessels;  some  of  these — the  larger 
ones — have  patent  lumina  and  contain  blood,  while  the 
smaller  ones  have  their  lumina  closed.  In  one  slide  cross- 
sections  of  five  hyaloid  vessels,  three  of  them  patent  and  con- 
taining blood,  are  seen  in  the  vitreous  chamber,  somewhat 
to  the  nasal  side,  in  close  apposition  to  each  other.  There 
is  a  vitreous-free  space  around  these  vessels  which  contains 
a  little  serum.  It  is  quite  probable  that  the  larger  of  these 
cross-sections  represents  the  main  hyaloid  artery,  because 
the  two  ends  of  the  artery — the  one  at  the  disc  and  the  one 
at  the  posterior  pole  of  the  lens — are  both  turned  toward 
the  nasal  side,  and  this  group  of  sectioned  vessels  lies  in  the 
curved  route  between  the  two  extremities. 

Lens. — Dimensions  of  horizontal  meridional  sections: 
maximum  breadth,  4.9  mm.;  maximum  depth,  2.9  mm. 
Practically  all  the  lens-fibers  show  cataractous  changes  in 
various  stages  of  degeneration.  The  external  cortical  fibers 
are  more  or  less  split  apart  and  the  fissures  between  them 
filled  with  fluid;  their  nuclei  are  either  shrunken  or  necrotic, 
and  the  spaces  around  them  are  filled  with  liquid  coagulum. 
Near  the  equator  there  are  numbers  of  Morgagnian  globules 
or  spheric  bodies  filled  with  liquid  coagulum.  Other  fibers 
have  lost  their  outlines  from  swelling,  and  in  their  places 
are  areas  of  cloudy,  granular  debris  which  also  contain 
vacuoles  and  larger  cystic  spaces  filled  with  coagulum.  The 
inner  cortical  fibers  and  external  nuclear  fibers  have  entirely 
disappeared,  and  in  their  stead  is  found  a  large  amount  of 
albuminous  precipitate,  produced  probably  by  the  chemical 
action  of  the  fixation  and  staining  reagents  upon  the  liquefied 
lens-substance.  The  nucleus  is  shrunken  and  has  sunken  to 
the  posterior  pole  of  the  lens  space  and  is  made  adherent  to 
the  capsule  at  that  site  by  the  ingrowth  of  a  large  amount  of 
fibrous  connective  tissue.  The  nacleus  is  mottled  through- 
out with  tiny  vacuoles,  some  of  which  have  coalesced,  creat- 
ing large  cystic  spaces.  Some  of  these  spaces  contain  granu- 
lar debris,  but  most  of  them  contain  endothelial  phagocytes, 
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Fig.  IS. — I'utciit  hyaloid  artery  and  thick  fibrova.scuhir  .sheath  on  the  pos- 
terior surface  of  the  eat anict oils  lens;  lens-capsule  ruptured  and  thiekenetl 
(XoO). 


Fig.  9. — Persistent  hyaloid  artery  at  the  optic  nerve  end  (X  50). 


Fig.  10. — Nasal  view  of  the  lens  and  adjoining  structure,  a.  Iris  projec- 
tions connected  to  lens  by  zonular  fibers;  />,  Lange  s  fold  of  the  n^tina;  c. 
rudinientarv  retina;  (/,  nucleated  vitreous  hbers  coming  from  the  fibrovascu- 
lar  sheath  of  the  lens  (X  130). 
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which  have  taken  up  a  large  amount  of  fat.  There  are  also 
a  few  typical  hyaline  {2;l()l)ules  and  a  number  of  large  spaces 
filled  with  a  substance  that  stains  deeply  with  hematoxylin 
and  resembles  hyaline  material. 

The  cubic  epithelial  cells  have  proliferated  backward  in  a 
single  layer  so  that  the  posterior  capsule  is  completely  lined 
with  them.  There  is  a  complete  absence  of  the  whorls  of 
epithelial  cells  and  fibers  in  the  little  cortex  remaining  at  the 
e(iuator. 

The  lens-capsule  anteriorly  is  8  m  in  thickness;  posteriorly, 
toward  the  temporal  side,  it  attains  a  thickness  of  37  ju. 
Near  the  posterior  pole  the  capsule  has  been  ruptured  and 
its  free  edges  retracted  or  folded  back  upon  themselves  in 
various  ways,  and  are  now  seen  to  lie  matted  in  the  substance 
of  the  fibrovascular  sheath  (Fig.  8).  Part  of  this  ruptured 
capsule  has  stripped  away  from  the  layer  of  epithelium, 
which  has  secreted  a  thin,  new  homogeneous  membrane. 

Posteriorly  the  lens  is  covered  with  a  persistent  tunica 
vasculosa  lentis,  which,  on  account  of  marked  proliferation 
of  its  connective-tissue  cells,  has  become  a  thick,  fibro- 
vascular sheath  which  has  extended  around  as  far  as  the 
equator.  In  some  places  the  sheath  has  proliferated  hori- 
zontally along  the  zonular  fibers  and  the  anterior  border 
layer  of  the  vitreous,  and  has  formed  contact  with  the  ciliary 
processes  on  the  temporal  side  (Pig.  5,  6),  and  with  the  tip 
of  Lange's  fold  of  the  retina  on  the  nasal  side  (Figs.  10  and 
12).  This  contact  is  made  by  nucleated  fusiform  cells  which 
are  drawn  out  into  long  homogeneous  fibers  that  resemble 
zonular  fibers.  Several  similar  nucleated  fibers  are  seen  at 
the  posterior  periphery  of  the  sheath,  extending  not  only 
along  the  course  of  the  anterior  border  layer  of  the  vitreous, 
but  also  into  the  vitreous;  these  latter  can  be  followed  for  a 
considerable  distance  into  the  vitreous  chamber,  and  are  to 
be  considered  examples  of  one  variety  of  vitreous  fibers. 
The  relation  of  the  vitreous  to  this  fibrovascular  sheath  is 
described  under  the  section  entitled  ''Vitreous." 

Fibrous  connective  tissue  from  the  sheath  has  proliferated 
through  the  ruptured  capsule  into  the  lens  to  a  maximum 
depth  of  0.48  mm.  (Fig.  8).  The  maximum  thickness  of  the 
sheath  outside  of  the  lens  is  0.36  mm.  Verhoeff's^"^  elastic- 
fiber  tissue  stairi  distinctly  shows  many  elastic  fibers  in  this 
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sheath ;  a  few  are  even  found  mingled  with  the  spindle-cells 
which  are  in  contact  with  a  ciliary  process.  Throughout  the 
sheath,  generally  at  about  its  middle  depth,  are  found  cross- 
sections  of  vessels  whose  lumina  are  filled  with  blood.  A 
Httle  to  the  nasal  side  of  the  posterior  pole  of  this  fibro- 
vascular  sheath  is  a  persistent  hyaloid  artery  which  is  cut 
obliquely  off  about  0.5  mm.  from  the  sheath,  and  whose 
lumen  contains  blood. 

Vitreous. — The  vitreous  body,  on  account  of  the  action  of 
the  fixation  fluid,  has  retracted  forward,  leaving  the  posterior 
one-fourth  of  the  vitreous  chamber  free  except  for  a  small 
amount  of  coagulated  serum  or  albuminous  precipitate. 
It  has  also  split  from  behind  forward  through  the  center, 
and  each  half,  approximately  speaking,  has  retracted  to- 
ward the  periphery,  thereby  roughly  creating  a  vitreous- 
free  V-shaped  space  with  its  apex  forward;  this  space,  too, 
contains  some  coagulum.  Three  kinds  of  vitreous  fibers, 
according  to  their  position  and  morphology,  are  to  be  made 
out: 

(a)  The  first  variety  of  fibers  are  the  protoplasmic  con- 
necting processes  found  between  two  layers  of  embryonic 
or  transitional  retina  whose  internal  surfaces  had  at  one  time 
come  into  mutual  contact  at  Lange's  fold  on  the  nasal  side, 
and  subsequently  pulled  apart  as  the  eyeball  grew.  These 
are  best  seen  in  a  horizontal  peripheral  section  where  the 
embryonic  retina  is  formed  into  many  lateral  plications,  as 
well  as  horizontal  folds  (Fig.  11,  c). 

(b)  The  second  variety  consists  of  the  very  fine  delicate 
fibers  which  are  found  lining  the  retina  or  closely  parallel 
to  it.  IVIost  of  these  fibers  have  broken  away  from  their  in- 
ternal retinal  membrane  connections  in  the  posterior  seg- 
ment, so  a  true  description  of  the  condition  as  it  existed  intra 
vitam  is  impossible.  From  the  surface  of  the  ciliary  epithelial 
cells,  at  the  angle  between  the  orbiculus  and  the  first  ad- 
joining ciliary  process,  and  from  part  of  the  posterior  sur- 
face of  this  ciliary  process,  there  appear  to  come  fine  fibers 
which  sweep  backward  in  close  proximity  to  the  retina,  and 
which,  one  by  one,  seem  to  be  inserted  into  the  internal 
limiting  membrane,  so  that  gradually  their  number  gets 
less  and  less  and  finally  they  disappear  altogether.  This  is 
best  seen  on  the  temporal  side,  where  there  is  no  obstacle, 


liSi.  11. — HdiizDiital  peripheral  section  tlir<)iiy;li  ihe  ciliary  processes  and 
Lanjie's  fold  of  the  retina,  a,  Fold  of  Lange,  part  of  which  is  composed  of 
(6,  b)  embryonal  retina;  c,  c,  primitive  vitreous  fibers;  (/,  roset-like  structures 
(X  165). 
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Fig.   12. — Abnormallv   large  vitreous  fibers  coming  from    the    fibrovascular 
sheath  of  the  lens  (X  So). 
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like  Lange's  fold  on  the  nasal  side,  to  prevent  their  unin- 
terrupted course  backward  along  the  periphery.  The  fibers 
are  in  contact  with  fibers  of  the  third  variety,  which  grade 
off  in  size  in  their  concentric  formation  outward  so  that  no 
difference  in  size  or  density  of  staining  is  visible  when  they 
lie  alongside  this  second  variety;  the  only  difference  is  their 
apparent  and  probable  place  of  origin. 

(c)  The  thii'tl  variety  is  composed  of  the  generally  larger 
and  coarser  fibers,  which  seem  to  arise  from  the  persistent 
tunica  vasculosa  lentis  (Fig.  12).  At  their  origin  these  fibers 
are  very  coarse;  as  they  proceed  backward  they  get  finer 
and  finer  until  they  become  difficult  to  trace,  but  it  is  possible 
to  see  that,  as  a  mass,  they  have  retracted  and  broken  away 
from  their  attachment  to  the  hyaloid  membrane  behind. 
The  growth  of  these  fibers  has  taken  place  in  such  a  way  that 
the  earlier  fibers,  which  are  finer  and  longer,  have  been 
gradually  pushed  toward  the  periphery  by  coarser  fibers 
growing  in  from  the  center.  The  peripheral  fibers  are  al- 
most as  long  and  fine  as  the  second  variety,  against  which 
they  in  turn  press,  while  the  fibers  nearer  the  center  are 
shorter  and  coarser;  the  fibers  appearing  to  come  from  the 
center  of  the  sheath  are,  therefore,  the  coarsest  and  the 
shortest.  As  a  whole,  the  picture  is  one  of  a  concentric  suc- 
cession of  fibers  which  may  be  likened  somewhat  to  the  ap- 
pearance of  the  leaves  of  a  cabbage  cut  in  longitudinal  sec- 
tion. It  also  appears  that  there  are  cross  anastomotic  fibers 
which  seem  to  have  had  their  origin  from  some  structure 
which  has  disappeared  from  the  center  of  the  vitreous, 
probably  the  hyaloid  vessels,  for  these  fibers  are  coarse  at 
their  centrally  placed  broken  ends  and  gradually  diminish 
in  size  as  they  radiate  toward  the  periphery.  At  the  optic 
disc  there  is  a  small  mass  of  coarse  fibers  which  apparently 
were  associated  with  the  hyaloid  system.  The  nucleated 
vitreous  fibers  are  described  under  the  section  entitled 
''Lens." 

Discussion. 
In  addition  to  the  congenital  abnormalities,  there  are  a 
number  of  points  of  histologic  interest  that  should  be  ampli- 
fied because  some  are  purely  typical  of  the  new-born  and  do 
not  exist  in  the  adult ;  in  others  the  findings  differ  somewhat 
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from  those  already  recorded;  and  the  rest  have  either  been 
but  rarely  described  or,  as  far  as  I  know,  not  at  all.  For  the 
sake  of  brevity,  the  specimen  will,  for  all  practical  purposes, 
be  referred  to  as  an  example  of  the  new-born,  but  where 
accuracy  demands  it,  due  account  will  be  made  for  the  age 
of  the  child,  which  was  five  weeks  at  the  time  of  enuclea- 
tion. The  discussion,  therefore,  will  fall  under  two  headings 
and  will  be  taken  up  under  each  heading  seriatim:  viz.,  I. 
Points  of  histologic  interest  in  reference  to  the  new-born. 
II.   The  congenital  abnormalities. 

/.   Points  of  Histologic  Interest  in  Reference  to  the  New-born. 

1.  The  Posterotemporal  Bulging  of  the  Globe  (Fig.  1). — 
According  to  von  Pflugk,''^  Weiss, ^^°  and  others,  this  is  a  con- 
dition normal  to  the  new-born.  This  asymmetry  must  either 
be  compensated  for  by  a  shifting  inward  of  the  posterior 
segment  or  by  a  more  rapid  growth  of  the  posterotemporal 
segment.  This  growth,  however,  must  take  place  anterior 
to  the  region  of  the  fovea,  because,  according  to  Bach  and 
Seefelder,*^  Salzmann,^^  and  others,  the  distance  between 
the  fovea  and  the  papilla  is  as  great  in  the  last  two  months 
of  fetal  life  as  it  is  in  the  adult. 

2.  The  Small  Size  of  the  Eye  Simulating  Microphthalmia 
Without  Cyst. — The  small  size  of  the  eye,  the  note  in  the 
clinical  history  suggesting  the  smaller  appearance  of  the 
left  eye  compared  to  that  of  the  right,  and  the  fact  that  a 
number  of  congenital  abnormalities  were  present,  gave  the 
impression  at  first  that  the  specimen  was  one  of  microph- 
thalmos without  cyst,  and  the  examination  of  the  eye  was 
approached  from  that  standpoint.  However,  after  even 
taking  into  account  the  possible  proportionate  amount  of 
growth  during  the  first  five  weeks  of  the  child's  life,  the 
measurements  of  the  eyeball  (16  by  17  mm.,  measured  after 
the  formalin  fixation,  which  means  that  the  eye  had  probably 
shrunken  a  little)  proved  to  be  over  the  minimum  limits  for 
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normal  eyes  of  a  new-born  child,  according  to  the  records  of 
Merkel  and  Orr/"  Konigstein,'"'-'  von  Jaeger,^-  and  others. 
The  corneal  diameter  was  9.2  mm.,  as  compared  with  an 
average  of  9  mm.  for  the  new-born  given  by  von  Reuss.^* 
The  diameter  of  1 1  mm.  for  the  cornea  of  the  right  eye  twelve 
months  after  enucleation  of  the  left  does  not  indicate  that 
the  two  eyes  were  not  of  the  same  size  at  birth,  for,  according 
to  the  researches  of  Grod,"*^  von  Reuss  and  Weiss,  and  the 
statements  of  Salzmann,  the  cornea  attains  almost  its  full 
size  by  the  end  of  the  first  year  of  life,  indicating  that  the 
anterior  segment  grows  the  faster.  Approximately,  then,  the 
various  diameter  measurements  of  the  eyeball  of  the  new- 
born are  about  two-thirds,  while  the  corneal  diameter  is 
about  three-fourths,  that  of  the  adult. 

3.  The  Measurements  and  Development  of  the  Membrane 
of  Bowman}^ — This  membrane  (14  to  18  ix)  is  nearly  as  thick 
as  it  is  in  the  adult,  and  the  stroma  still  shows  its  superficial 
lamellar  fibers  in  the  process  of  differentiation,  von  Hippel,^^ 
on  the  other  hand,  thinks  that  this  membrane  is  as  thick  in 
the  new-born  as  it  is  in  the  adult,  but  gives  17  to  21  /x  as 
the  thickness.  The  maximum  length  of  the  chord  connect- 
ing the  peripheral  ends  of  Bowman's  membrane  is  8.7  mm., 
or  only  0.5  mm.  less  than  the  gross  diameter  of  the  cornea. 

4.  The  Absence  of  the  Elastic  Lamina  Between  the  Corneal 
Stroma  and  the  Membrane  of  Desce7net.^^ — Under  the  best 
of  circumstances,  and  even  in  the  adult,  this  lamina  is  very 
difficult  to  demonstrate.  Some  even  deny  its  presence,  and 
think  what  is  seen  is  only  a  greater  density  of  the  external 
margin  of  Descemet's  membrane,  which  gives  it  a  different 
light  refraction.  In  two  adult  specimens  I  have  seen  Des- 
cemet's membrane  split  into  an  outer  darker  half  and  an 
inner  lighter  half.  In  this  case  it  is  possible  to  see  where 
this  membrane  has  been  stripped  away  from  the  stroma, 
a  slight  difference  in  density  between  the  internal  and  ex- 
ternal halves,  but  it  would,  indeed,  be  stretching  a  point  to 
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call  the  external  an  elastic  lamina  separate  from  Descemet's. 
Seefelder/  however,  states  that  he  has  demonstrated  this 
fine  elastic  lamina  in  a  fetus  of  seven  months.  In  defense 
of  Seefelder's  statement  I  should  admit  that  in  this  case  the 
molybdic-acid-hematoxylin  method  of  staining  after  fixing 
the  specimen  in  Zenker's  fluid  was  not  used,  as  he  and  Salz- 
mann  recommend.  In  this  connection,  however,  it  should  be 
stated  that  this  stain,  according  to  VerhoefT,  is  not  an  elastic 
fiber  differential  stain  at  all.  In  my  case,  Verhoeff's^"^ 
method  of  differential  staining  for  elastic  tissue  fibers  after 
formalin  fixation  was  used,  and  in  all  other  situations  where 
elastic  fibers  are  to  be  found,  brings  them  out  well. 

5.  The  Scleral  Measurements. — The  greatest  thickness  was 
found  near  the  posterior  pole,  the  least  at  the  equator,  and 
a  medium  thickness  near  the  cornea.  This  relationship  is 
similar  to  that  found  in  the  adult,  but  is  contrary  to  the 
statement  of  von  HippeP^  that  the  sclera  has  its  least  thick- 
ness in  the  neighborhood  of  the  cornea  in  the  eye  of  the  new- 
born. 

6.  The  Insertion  of  the  Lateral  Recti  Muscles.— The  inser- 
tion of  the  internal  rectus  is  1.6  mm.  nearer  to  the  limbus 
than  is  the  insertion  of  the  external  rectus.  This  difference 
is  not  unlike  that  found  in  the  adult  eye,  where  there  is  a 
difference,  as  generally  recorded,  of  1.4  mm.  Weiss, ^^^  in 
his  investigations,  found  the  insertion  of  the  internal  rectus 
at  a  relatively  much  shorter  distance  from  the  limbus  than 
the  insertion  of  the  external.  On  the  basis  of  these  investiga- 
tions Salzmann^^  concludes  that  the  interval  between  the 
internal  rectus  and  the  border  of  the  cornea  grows  much 
faster  after  birth  than  does  the  relative  interval  on  the  other 
side.  The  measurements  of  this  case  do  not,  however,  con- 
firm that  conclusion. 

7.  The  Presence  of  the  Embryonic  Meshwork  at  the  Corneo- 
iridic  Angle  and  of  the  So-called  Spaces  of  Fontana. — The 
meshwork  at  the  iris  angle  is  divided  by  Virchow'"^^  into  two 
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divisions:  first,  the  scleral  meshwork,  which  is  permanent 
and  whose  trabecula)  contain  elastic  fibers;  and  second,  the 
uveal  meshwork  whose  trabecula)  contain  no  elastic  fibers 
and  most  of  which  is  supposed  to  disappear  shortly  after 
birth.  The  term  "ligamentum  pectinatum"  is  limited  by 
Seefelder  and  Wolfrum'"  to  mean  the  latter:  viz.,  the  uveal 
meshwork.  The  term,  however,  is  generally  used  to  include 
all  the  meshwork  of  the  corneo-iridic  angle.  In  this  paper  I 
shall  refer  to  the  pectinate  ligament  in  this  broader  sense, 
i.  e.,  as  the  entire  meshwork.  The  uveal  meshwork  of  tra- 
beculse  in  this  situation  is  similar  to  that  found  in  the  eyes 
of  all  new-born.  Most  authorities,  in  discussing  this  mesh- 
work and  the  spaces  of  Fontana,  simply  state  that  they  dis- 
appear, without  giving  an  idea  as  to  their  mode  of  disap- 
pearance. There  is  no  evidence  that  this  meshwork  is  under- 
going absorption,  but  in  several  sections  there  is  a  slight 
splitting  of  it  outward  through  the  apex  of  the  iris  angle. 
This,  under  ordinary  circumstances,  would  be  considered 
an  artefact,  but,  after  comparing  the  pectinate  ligament  of 
this  case  and  in  other  young  eyes  with  that  in  adult  eyes, 
I  olTer  the  theory  that  the  meshwork  and  spaces  disappear 
simply  by  a  splitting  through  the  middle  of  the  trabeculse, 
which  retract,  the  inner  ones  against  the  iris  root  and  the 
outer  ones  against  the  sclera,  so  that  in  the  adult  we  find  not 
a  disappearance  of  trabeculae,  but  a  piling  up  and  a  matting 
together  of  ruptured  and  retracted  trabeculse,  thereby  ob- 
literating the  spaces. 

In  this  connection  it  is  interesting  to  point  out  that  what 
Felix  Fontana^*^  described  in  1778,  in  a  letter  addressed  to 
Adolphus  Murray,  Professor  of  Anatomy  at  Upsal,  were  not 
spaces  at  all,  but  was  a  canal,  although  its  location,  perhaps, 
seems  to  some  rather  indefinite.  He  found  the  canal  macro- 
scopically  in  the  eye  of  an  ox.  He  describes  the  canal  as 
"formed  in  the  substance  of  the  ciliary  body,"  and  locates 
it  "at  the  junction  of  the  choroid,  ciliary  body,  and  uvea, 
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where  a  ridge  is  formed  in  the  sclera,"  to  which  "circular 
ridge  this  canal  is  strongly  fastened."  He  evidently  de- 
scribes the  canal  of  Schlemm;  he  certainly  says  nothing  about 
spaces  in  this  or  an}-  later  article.  In  1827  Schlemm^^  dis- 
covered in  a  man  who  had  been  hanged  a  cross-formed 
"  dunnhautiger  Kanal"  filled  with  blood.  Its  location  was 
"the  posterior  concave  side  of  a  ridge  behind  which  the 
sclera  banked  up  to  form  a  hollow  wherein  the  orbiculus 
ciliaris  (?)  is  inserted."  He  continues:  "This  must  not  be 
confused  with  the  canal  of  Fontana,  who  found  one  in  a  beef's 
eye  in  the  substance  of  the  orbiculus  ciliaris  itself."  Making 
due  allowance  for  a  different  use  of  terms  from  ours  today, 
it  is  difficult  to  believe  this  last  statement  by  Schlemm.  The 
spaces  were  attributed  to  Fontana,  in  1839,  by  Alexander 
Hueck,''^  who  was  the  first  also  to  describe  and  name  the 
ligamentum  pectinatum  iridis.  Hueck  describes  three  canals 
which  he  thought  existed  in  the  meshwork  of  the  iris  angle: 
viz.,  the  anterior,  middle,  and  posterior  canals  of  Fontana. 
He  also  refers  to  a  canal  of  Schlemm.  So  between  Schlemm 
and  Hueck,  Fontana  received  a  couj)  de  grace  on  any  aspira- 
tions he  may  have  had  in  being  the  discoverer  of  what  was 
later  accredited  to  Schlemm ;  but  Fontana  was  acclaimed  the 
discoverer  of  canals  in  the  meshwork  which  were  really  first 
described  by  Hueck.  Later  writers,  to  avoid  confusion,  re- 
ferred to  these  canals  as  spaces.  Nevertheless,  there  has 
been  a  great  confusion  in  the  literature  on  account  of  the 
interchangeable  use  of  terms  in  these  connections. 

The  absence  of  Schlenmi's  canal  on  the  temporal  side, 
and  the  division  of  the  canal  on  the  nasal  side  into  two  to 
five  spaces,  must  be  considered  instances  of  delayed  or  ar- 
rested development.  The  scleral  furrow  on  the  temporal 
side  is  completely  filled  out  with  very  large  trabeculae,  which 
can  scarcely  be  differentiated  from  the  tissue  of  the  sclera. 
A  priori,  then,  the  persistence  of  the  trabeculse  is  an  instance 
of  non-arrested  development.     The  anterior  ciliary  veins 
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are  fully  as  pronounced  at  the  limbus  on  the  temporal  as  on 
the  nasal  side;  the  meshwork  of  the  angle  is  fully  as  loose. 
The  only  macroscopic  evidence  that  one  would  have  had  to 
suspect  imjierfect  drainage  on  the  temporal  side  was  the 
appearance  of  the  bulging  forward  of  the  iris  like  an  iris 
bombe  on  that  side,  Init  microscopically  this  appears  to  have 
had  no  effect  upon  the  meshwork  at  the  angle.  Prima  facie, 
therefore,  drainage  occurred  as  readily  through  the  fetal 
meshwork  of  one  side  as  through  the  canal  of  Schlemm  on 
the  other  side. 

8.  I ?n perfect  Development  of  the  Choriocapillaris. — This 
layer  was  first  described  by  Ruysch''-*  in  1722,  who  gave  it 
the  name  of  tunica  or  membrana  Ruyschiance.  In  1737  he^'^ 
published  several  diagrams  that  show  this  layer  as  a  distinct 
vascular  membrane  from  which  the  outer  layers  were 
stripped  away.  If  the  condition  in  my  case  be  typical  of 
the  new-born,  ob\-iously  Ruysch's  drawings  represent  what 
he  found  in  specimens  from  children  older  or,  what  is  more 
likely,  from  adults.  The  developmental  history,  however, 
of  the  eye  naturally  inclines  one  to  the  belief  that  the  chorio- 
capillaris is  as  much  a  definite  layer  in  the  new-born  as 
in  the  adult,  for  in  the  very  young  embryo — one  of  about  10 
mm. — a  layer  of  capillary  vessels  becomes  differentiated 
off  from  the  mesoderm  immediately  surrounding  the  outer 
leaf  of  the  secondary  optic  vesicle.  Later,  according  to 
Dedekind,-**  a  thicker  and  separate  layer  of  larger  vessels 
becomes  differentiated  off  from  the  mesoderm  more  external 
still,  which  is  the  primordium  of  the  sclera.  I  have  never- 
theless observed  in  the  eye  of  a  late  embryo  and  in  the 
eyes  of  two  other  very  young  children  that  the  chorio- 
capillaris is  similar  to  this  case  in  not  being  fully  developed, 
so  it  may  be  assumed  that  the  condition  here  is,  at  least,  not 
a  congenital  anomaly. 

9.  Absence  of  Chromatophores  in  the  Uveal  Tract  and  Peri- 
choroid.— Although  pigmentation  has  not  yet  appeared,  the 
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branching  cells,  nevertheless,  are  present  and  visible.  Bach 
and  Seefelder*^  state  that  the  chromatophores  often  appear 
in  the  suprachoroid  and  iris  as  early  as  the  ninth  month  of 
fetal  life,  and  in  the  illustrated  part  of  their  recent  work  they 
show,  in  Tafel  XXXIII,  a  young  chromatophore  in  the  iris 
of  a  fetus  of  that  age. 

10.  Continuation  of  BrucK's  Membrane  into  the  Ciliary 
Body — its  Altered  Appearance. — The  lamina  vitrea  chorioideoe 
in  the  choroid  was  first  described  by  Bruch^^  in  1844,  and 
since  then  has  been  designated  as  his  membrane.  He,  how- 
ever, made  no  mention  of  it  being  composed  of  two  parts — 
an  inner  homogeneous  membrane  (supposed  by  some  to  be 
a  secretion  of  the  choroidal  layer  of  pigmented  cells)  and 
an  outer  layer  or  net  of  fine  elastic  fibers.  It  remained  for 
Smirnow^^  to  demonstrate  this  outer  part,  which,  together 
with  the  cuticular  lamella,  continues  into  the  ciliary  body, 
although  separated  by  collagenous  fibers.  Parsons^^  states 
that  near  the  optic  nerve  the  membrane  is  thickest,  espe- 
cially the  elastic  layer,  but  in  this  case  the  homogeneous 
layer  was  thickest  at  the  optic  nerve  and  the  elastic  layer 
near  the  ciliary  body.  The  appearance  of  a  fibrillated  struc- 
ture in  the  cuticular  lamellae,  when  that  membrane  reaches 
the  corona  ciliaris,  and  the  substitution  of  undoubted  col- 
lagenous fibers  for  it  from  this  point  forward  to  the  root  of 
the  iris,  where  the  dilator  pupillse  muscle  begins,  may  mean 
that  the  cuticular  lamella  of  the  ciliary  body  throughout  is 
nothing  more  than  differentiated  collagenous  fibers,  and  that 
it  has  not  full}"  developed  in  the  eye  of  the  new-born.  Cer- 
tainly the  picture  is  a  very  different  one  in  the  adult  eye, 
where  the  cuticular  lamella  can  be  demonstrated  as  far  for- 
ward as  the  peripheral  end  of  the  dilator  pupilla^  muscle. 
At  any  rate,  Kerschbaumer^^  has  demonstrated  a  very  deli- 
cate cuticular  lamella  in  an  eye  of  a  child  twenty-one  months 
old.  Salzmann,^^  who  calls  this  lamella  the  reticulum  of 
Heinrich  Miiller,"^  because  the  latter  first  accurately  de- 
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scribed  it,  states  that  it  does  not  attain  complete  develop- 
ment until  the  age  of  puberty. 

11.  Almost  Complete  Continuation  of  Elastic  Fibers  from 
the  Ciliary  Body  into  the  Iris.— The  pressure  of  almost  con- 
tinuous elastic  fibers  between  these  two  structures  around 
the  iris  root,  and  the  complete  absence  of  elastic  fibers  in 
the  comparatively  wide  interval  between  the  posteroperi- 
pheral  limit  of  the  iris  root  and  the  scleral  portion  of  the 
mesh  work  of  the  iris  angle,  suggest  that  the  source  of  these 
fibers  was  rather  through  the  vessel-layer  of  the  ciliary  body 
than  from  the  latter  structure.  Salzmann^^  thinks,  on  the 
other  hand,  that  these  fibers  are  radiations  of  the  elastic 
framework  at  the  insertion  of  the  ciliary  muscle  into  the 
scleral  roll.  The  finding  of  two  large  elastic  fibers  in  the 
iris  stroma  half-way  to  the  pupillary  margin  is  quite  unusual. 

12.  The  Equal  Lerigth  of  the  Ciliary  Body  on  the  Two  Sides  and 
the  Relative  Short  Length  of  the  Corona  Ciliaris. — The  length 
of  the  longitudinal  ciliary  muscle  (muscle  of  Briicke^^'  ^^) 
is  proportionate  to  the  length  of  the  ciliary  body  as  a  whole. 
If  one  were  to  judge  from  an  examination  of  any  individual 
section,  he  would  think  that  one  side  was  longer — the  myopic 
type — and  the  other  side  shorter, — the  hypermetropic 
type, — but  the  measurements  of  the  sections  as  a  whole, 
when  averaged,  show  no  difference  between  the  nasal  and 
temporal  sides.  In  the  adult,  where  the  total  length  of  the 
ciliary  body  is  more  than  twice  that  of  the  new-born,  the 
length  of  the  temporal  side  is  about  1  mm.  longer  than  that 
on  the  nasal. 

The  relative  short  length  of  the  corona,  as  compared  to 
that  of  the  orbiculus  ciliaris,  is  exaggerated  because  of  the 
adhesions  between  the  first  ciliary  process  and  the  peripheral 
posterior  surface  of  the  iris. 

13.  The  Poor  Development  of  the  Circular  Ciliary  Muscle. — 
This  muscle  is  often  named  after  its  discoverer,  Heinrich 
Miiller."^     Its  appearance  of  poor  development  probably  is 
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due  to  at  least  two  reasons:  the  first  and  most  obvious  is 
the  fact  that  in  cross-section  a  muscle  shows  up  more  of  its 
intermediary  collagenous  tissue  than  it  does  in  longitudinal 
section;  the  second  is  that  in  the  new-born  the  muscle  is 
at  best  only  poorly  developed,  and  in  this  case,  during  the 
five  weeks  of  life,  there  was  undoubtedly  no  further  change, 
for  there  must  have  been  an  almost  complete  absence  of  the 
effort  of  accommodation.  In  general,  the  weak  develop- 
ment of  Miiller's  muscle  is  typical  of  myopia. 

14.  The  Presence  of  Rods  and  Spindles,  as  Well  as  Round 
Granules,  in  the  Pigment  Layer  of  the  Ciliary  Body  and  Iris. — 
According  to  Salzmann^^  and  others,  the  presence,  together 
with  round  granules,  of  the  elongated  form  of  granules  is  a 
distinguishing  feature  of  the  pigmented  epithelial  cells  of  the 
choroid*  alone.  I  shall  have  to  disagree  with  Salzmann  in 
this  statement,  because  I  have  never  failed  to  find  the 
elongated  form  in  quite  an  appreciable  amount  in  both  the 
iris  and  ciliary  body,  covering  a  wide  series  of  eyes,  ranging 
from  an  embryo  6.25  mm.  long  up  to  a  man  fifty  years  old. 
In  general  the  older  the  eye,  the  less  the  amount  of  elongated 
granules  visible.  In  the  iris  and  ciliary  bod}',  at  least,  the 
later  formations  seem  to  be  almost  if  not  entirely  of  the  round 
variety,  which,  on  account  of  their  larger  size  and  consequent 
darker  appearance,  often  give  the  first  impression  that  the 
elongated  type  is  wanting.  Elze'^^  records  seeing  pigmenta- 
tion beginning  in  an  embryo  of  7  mm.  (greatest  length). 
I  have  seen  it  in  the  outer  leaf  of  the  optic  cup,  beginning 
in  the  region  of  the  iris  anlage  of  an  embryo  6.25  mm. 
(greatest  length),  which,  according  to  the  method  of  compu- 
tation by  Mall,t  who  is  quoted  by  Bryce,^^  was  twenty-five 
days  old.    Not  more  than  three-fourths  of  the  granules  were 

*  Salzmann  designates  this  layer  as  the  pigment  epithelium  of  the  choroid; 
older  writers  place  it  with  the  retina. 

t  VlOOXlength  in  millimeters  =  age  in  days  for  all  embryos  up  to  100  mm. 
in  length;  in  feti  measuring  from  100  to  200  mm.,  the  vertex-breach  milli- 
meters length  is  approximately  equal  to  the  age  in  days. 
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of  the  round  variety,  and  the  remaining  one-fourth  of  the 
elongated  spindle  variety,  which  were  found  proportionately 
distributed  throughout  the  area  of  pigmentation.  The 
pigmentation  began  in  the  inner  ends  of  the  cells,  which  at 
this  stage  were  several  rows  deep;  it  was  found  only  in  the 
outer  layer  of  the  optic  cup,  at  the  temporal  side  above. 
Lauber^^  says  pigmentation  begins  first  in  the  equatorial 
region.  Evidently  it  may  begin  anywhere  in  the  anterior 
segment.  Salzmann  says  the  whole  outer  leaf  was  sparsely 
but  uniformly  pigmented  in  an  embryo  of  9.75  mm.  In  an 
embryo  of  10  mm.  I  found  the  pigment  had  not  quite  reached 
the  optic  stalk  behind,  or  quite  to  the  lip  of  the  optic  cup  in 
front.  In  an  embryo  of  15  mm.  the  pigment  had  just  begun 
to  extend  around  the  margin  to  the  inner  leaf  of  the  cup; 
and  in  an  embryo  of  44.3  mm.  the  pigmentation  had  extended 
no  farther  around.  Juselius''"'  states  that  the  pigmentation 
attained  the  iris  root  in  an  embryo  190  mm.  in  length.  On 
the  other  hand,  I  found,  in  an  embryo  105  mm.  long,  it  had  not 
only  reached  the  iris  root  in  the  inner  leaf  of  the  secondary 
optic  vesicle,  but  had  extended  backward  nearly  half-way 
to  the  tip  of  the  primordium  of  the  first  ciliary  process.  In 
an  eye  from  a  child  five  days  old  a  large  number  of  elongated 
granules  were  found  in  the  iris  and  a  proportionately  smaller 
number  in  the  ciliary  processes.  In  all  cases  examined  I 
found  that  the  number  of  spindle-  or  rod-shaped  granules  in  the 
ciliary  region,  particularly  the  coronal  part,  was  compara- 
tively much  less  than  the  same  variety  in  the  iris  and  choroid, 
except  in  the  youngest  embryos,  where  no  difference  was 
visible;  likewise  in  the  older  embryos  and  in  those  speci- 
mens which  had  been  favored  with  an  extra-uterine  existence, 
the  number  of  elongated  granules  in  the  iris  was  propor- 
tionately less  than  in  the  choroid.  The  presence,  therefore, 
in  the  case  represented  by  this  paper,  of  elongated  rod-  and 
spindle-shaped  granules  in  the  iris  and  ciliary  body,  is  neither 
the  result  of  a  pathologic  process  nor  a  congenital  abnor- 
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mality  in  itself,  but  a  physiologic  condition  typical  of  speci- 
mens of  all  ages. 

15.  The  Appearance  of  the  Iris  Crypts. — According  to  Bach 
and  Seefelder,^  these  begin  to  show  about  the  sixth  month  of 
fetal  life.  This  is  before  the  pupillary  membrane  covei'ing  the 
anterior  surface  of  the  iris  has  stopped  functionating,  which, 
according  to  Briickner,^''  does  not  take  place  until  the  eighth 
month,  after  which  it  begins  to  disappear.  It  would,  there- 
fore, be  too  radical  to  suggest  that  these  crypts  are  brought 
about  by  a  resorption  or  a  breaking  of  the  pupillary  mem- 
brane at  certain  places  and  the  subsequent  incorporation  of 
the  intercalary  remnants  with  the  underlying  iris  stroma. 
However,  this  is  quite  the  impression  that  one  gets  in  viewing 
the  appearance  of  the  abnormally  thickened  pupillary  mem- 
brane adjoining  the  iris  in  this  case  (Fig.  4,  c). 

16.  The  Presence  of  Pigmented  Clump  Cells  in  the  Iris 
Stroma  and  the  Form  of  Their  Granules. — These  were  first 
described  by  Koganei.^"  Bach  and  Seef elder*'  state  that  their 
earliest  appearance  is  in  the  iris  of  a  fetus  of  six  months. 
Their  true  nature,  as  Salzmann  says,  has  only  recently 
been  made  clear  by  Elschnig  and  Lauber,^^  who  have  shown 
that  they  are  merely  cells  displaced  out  of  the  pigmented 
ectodermal  layers,  chiefly  from  the  pigment  spurs  of  MicheF^ 
and  of  Fuchs,^"  and  have  no  special  significance.  It  is  now 
known  that  both  the  dilator  and  sphincter  muscles  are  dif- 
ferentiated from  the  outer  pigmented  layer  of  the  iris.  The 
spurs  and  clump  cells,  therefore,  can  be  considered  aborted 
attempts  of  pigment-cells  to  make  muscle-fibers.  In  this 
case  their  pigment  is  composed  of  large  round  granules  and 
a  few  elongated  spindles. 

17.  The  Presence  of  Hyaline  Globules. — These  are  typical 
of  late  embryos  and  the  new-born.  They  are  probably 
either  a  product  of  degeneration  of  plasma  cells  or  of  the 
resorption  process  of  the  pupillary  membrane,  or  perhaps  of 
both.    The  number  in  this  case  is  probably  unusually  large 
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in  an  eye  of  this  age,  because  of  the  persistence  of  the  fetal 
pupillary  membrane  two  months  later  than  usual. 

18.  The  Presence  of  Lange's  Retinal  Fold  {Figs.  10,  b,  and 
11,  a)  and  its  Probable  Significance. — In  1893  Lange,""  after 
an  examination  of  30  eyes  of  the  new-born,  concluded  that 
the  fold  of  retina  at  the  ora  serrata  which  had  previously 
been  incidentally  mentioned  by  Wagenmann  was  "not  an 
artefact  but  a  physiologic  formation  which  compensated  for 
the  growth  of  the  eye  in  the  retinal  layer."  However,  in 
1901,  Lange*^^  retracted  this  statement  and  conceded  this 
fold  to  be  an  artificial  product.  He  based  his  conclusion 
upon  the  fact  that,  in  a  few  eyes  "  which  had  been  enucleated 
immediately  after  death  and  hardened  in  formalin  solution, 
the  retina  was  all  in  place,  and  at  the  ora  serrata  laid  per- 
fectly smooth  over  the  choroid."  If  Lange  makes  the  proof 
of  the  presence  of  a  physiologic  fold  at  the  ora  serrata  con- 
ditioned upon  the  fixation  of  the  globe  in  formalin  solution 
immediately  following  enucleation  from  a  living  subject,  or 
but  shortly  after  death,  then  that  condition  in  this  case  has 
been  fulfilled,  and  the  presence  of  the  fold  is  physiologic  and 
not  artificial.  The  presence  of  a  little  albuminous  precipi- 
tate or  coagulum  in  the  space  between  the  two  layers  of  the 
secondary  optic  vesicle  at  this  place  gives  support  to  the 
fold  being  a  physiologic  growth.  This  fold  consists  partly  of 
wholly  differentiated  retina  and  partly  of  transitional  retina. 
It  is  quite  probable  that  the  fully  differentiated  retinal  part 
has  been  separated  from  the  overlying  pigmented  layer,  for 
here  and  there  are  seen  deposits  of  pigment  adhering  to  the 
rods  and  cones,  the  presence  of  which  confirms  that  probabil- 
ity; but  it  is,  indeed,  difficult  to  understand  how  two  or 
more  millimeters  of  transitional  and  rudimentary  retina  can 
physiologically  be  attached  to  one  millimeter  of  pigmented 
epithelium  without  being  thrown  into  a  fold;  or  how  can  a 
shrinkage,  if  such  takes  place,  occur  in  the  external  tunics 
only  in  that  section  of  the  anterior  segment  of  the  eye  ex- 
18 
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ternal  to  the  separated  retina?  As  a  matter  of  fact,  in  the 
process  of  fixation  of  an  eyeball  the  retina  always  shrinks 
more  than  the  outer  tunics.  The  fact,  too,  that  this  fold 
occurs  not  only  in  continuous  serial  sections,  but  also  in  all 
sections,  and  that  there  are  not  only  meridional  folds  but  also 
lateral  folds,  shows  that  this  fold  cannot  persistently  be  an 
artefact.  Furthermore,  if  the  "artefact"  theory  be  true,  we 
must  revise  our  ideas  about  the  growth  of  the  inner  layer  of 
the  secondary  optic  vesicle  occurring  faster  than  the  outer, 
which  results,  as  von  Ammon^  first  pointed  out,  in  the  forma- 
tion of  rucks  or  folds  in  the  retina^  of  all  fetal  eyes,  folds 
that  later  straighten  out  and  disappear  as  the  eyeball  grows. 
According  to  my  measurements  of  the  retina  in  this  case,  its 
length  would  necessarily  have  to  increase  by  one-third  in 
order  to  equal  the  average  length  of  that  in  the  adult.  The 
activity  of  the  cells  of  the  transitional  retina  in  the  fold  in- 
clines one  to  the  belief  that  the  future  one-third  was  to  have 
been  compensated  for  by  the  differentiation  and  growth  of 
this  retinal  section.  The  transitional  retina  (Fig.  11,  b)  is 
seen  to  be  in  all  stages  of  differentiation,  which  is  most  evi- 
dent upon  the  ependymal  surface,  where  diplosomes  and 
developing  visual  organs  in  all  stages,  from  a  tiny  bulging 
up  to  a  full-sized  rod  or  cone,  are  visible. 

19.  The  Appearance  of  Roset-like  Bodies  of  Rudimentary 
Retinal  Tissue  at  the  Ora  Serrata  (Fig.  11,  d). — The  rosets  lie 
in  the  vitreous  near  the  ora  serrata  and  are  simply  cross- 
sections  through  folds  of  Lange,  which  have  been  drawn  far 
forward  into  hollow,  finger-like  processes  and  are  visible  in 
peripheral  horizontal  sections.  Each  roset  con,T':'^s  of  em- 
bryonic retina  and  is  bounded  peripherally  by  the  internal 
limiting  membrane.  The  cells  composing  it  converge  in 
a  somewhat  radial  arrangement  toward  a  circular  central 
membrane  which  is  the  membrana  limitans  externa.  The 
rods  and  cones  have  not  yet  appeared.  The  circular  space 
within  the  basal  membrane  is  part  of  the  secondary  optic 
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vesicle  interspace,  i.  e.,  the  space  between  the  pigmented 
epithelial  layer  and  the  retinal  layer  at  Lange's  fold.  These 
rosets  are  without  doubt  identically  the  same  structures  that 
Verhoeff'"''  describes  in  a  rare  tumor  of  the  ciliary  body. 

20.  Continuity  at  the  Optic  Disc  on  the  Temporal  Side, 
Between  the  Two  Layers  of  the  Secondary  Optic  Vesicle. — As 
the  pathologic  report  states,  there  is  a  turning  around  back- 
ward and  outward  of  the  inner  leaf  at  the  margin  of  the  optic 
disc  and  an  extension  of  it  forward  to  meet  in  a  perfect  end- 
to-end  union  with  the  outer  leaf  or  pigmented  layer,  which 
terminates  a  short  distance  before  reaching  the  optic  disc. 
This  loop,  which  is  composed  of  rudimentary  tissue,  is  visible 
in  a  few  unbleached  and  bleached  sections,  but  in  the  latter 
it  is  also  possible  to  see  a  continuation  of  the  external  limit- 
ing membrane  of  the  retinal  layer  with  the  internal  limiting 
membrane  of  the  outer  layer. 

Verhoeff""  describes  the  continuation  of  the  external 
limiting  membrane  of  the  retina  at  the  optic  disc  with  a 
similar  internal  limiting  membrane  of  the  pigmented  layer, 
each  of  which  he  designates  as  the  membrana  fenestrata 
epithelii,*  on  account  of  its  open  net  or  meshwork  structure. 
It  is  difficult  to  conceive  embryologically  of  a  continuous 
connection  at  the  optic  disc  between  the  two  layers  of  the 
secondary  optic  vesicle.  In  the  early  embryo  these  two 
layers  are  connected  longitudinally  at  the  two  margins  of  the 
choroidal  fissure  or  optic  cleft,  but  this  cleft  is,  in  the  great 
majority  of  cases,  found  below  and  slightly  to  the  nasal  side; 
the  loop  in  this  case  is  on  the  temporal  side.  At  any  rate 
the  margins  of  this  cleft  begin  to  come  together  and  close 
when  the  embryo  attains  a  length  of  8.5  mm.,  according  to 
Seefelder**-;  there  is  soon  a  complete  absence  of  marginal 
connection  between  the  two  layers,  and  a  complete  union  of 
inner  layer  with  inner  layer  and  outer  layer  with  outer  layer 
respectively   takes   place.     This   union   extends   from   the 

*  In  a  persoruil  communication  to  Steensland.'^ 
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anterior  margin  of  the  optic  cup  backward  and  finally  comes 
to  an  end  within  the  optic  stalk,  where  the  arteria  hyaloidea 
enters  and  proceeds  forward,  surrounded  by  the  substance 
of  the  optic  nerve.  There  is,  therefore,  but  slight  possibility 
of  the  connection  between  the  retina  and  pigment  layer  in 
this  case  being  referable  to  the  previous  continuity  of  layers 
at  the  margins  of  the  fetal  cleft.  It  seems  clear,  then,  that 
this  union  must  have  occurred  secondarily. 

21.  The  Poor  Development  of  the  Fovea  Centralis  and  the 
Arrangement  of  the  Retinal  Layers  at  That  Place. — In  general, 
the  layers  of  the  retina  are  much  the  same  as  are  found  in 
the  eyes  of  all  new-born  children,  but  the  fovea  shows  de- 
layed development.  According  to  Wolfrum^^^  and  von 
Hippel,^^  as  quoted  by  Salzmann,^^  all  the  layers  of  the  retina 
are  still  present  in  the  new-born,  but  the  ganglion-cell  and 
the  external  nuclear  layers  have  only  one  row  of  nuclei,  and 
the  internal  nuclear  layer  is  much  thinned  out.  In  this  case, 
on  the  other  hand,  both  the  ganglion-cell  and  the  internal 
nuclear  layers  still  possess  three  or  four  rows  of  nuclei  through 
the  center  of  the  fovea,  indicating  that  the  development  of 
the  latter  is  probably  not  beyond  that  generally  found  in  a 
fetus  of  eight  months.  The  distance  between  the  fovea  and 
the  margin  of  the  foramen  opticum  sclerce  is  3.74  mm.,  which 
compares  very  favorably  with  the  statement  one  often  sees, 
viz.,  that  the  distance  between  the  fovea  and  papilla  is  as 
great  in  the  new-born  as  in  the  adult.  Indeed,  Salzmann 
says  that  the  full  growth  of  this  area  of  retina  around  the 
posterior  pole  is  attained  at  the  end  of  the  sixth  month  of 
fetal  life. 

22.  Mailer^ s  Fibers  Not  Appearing  as  if  Connected  to  the 
Membrana  Limitans  Externa. — With  Mallory's^^  differential 
neuroglia  stain  these  fibers  show  plainly  enough  their  mutual 
union  in  foot-plates  or  basal  cones  just  over  the  hyaloid 
membrane  (membrana  limitans  interna),  but  externally 
thev  cannot  be  demonstrated  farther  than  Henle's^^  fiber 
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layer  (external  plexiform  layer).  According  to  Greef/" 
they  are  stretched-out  neuroglia  cells  which  reach  between 
the  external  and  the  internal  limiting  membranes  and  have 
their  nuclei  in  the  inner  nuclear  layer.  Greef  most  likely 
was  referring  to  the  condition  as  found  in  the  eye  of  an  adult. 
According  to  Salzmann,**^  they  are  not  only  connected  to  the 
external  limiting  membrane,  but  even  send  little  "fiber- 
baskets"  outward  between  the  rods  and  cones  as  far  as  the 
ends  of  their  inner  members. 

23.  Absence  of  the  Medullary  Sheath. — Inasmuch  as  Ver- 
hoeff's'^''  myelin-sheath  stain  clearly  brings  out  the  myelin 
sheaths  of  the  ciliary  nerves  close  by  the  optic  nerve,  this 
differential  staining  reaction  must  be  considered  as  posi- 
tively checked  and  the  absence  of  the  medullary  sheaths  in 
the  optic  nerve  can  be  stated  without  question.  According 
to  Bernheimer,^*^  this  sheath  in  the  optic  nerve  of  a  normal 
new-born  child  reaches  the  lamina  cribrosa  not  later  than 
three  weeks  after  birth.  Its  absence  in  this  case  is  most 
likely  due  to  the  inability  of  the  eye,  during  its  five  weeks  of 
extra-uterine  life,  to  receive  but  little  if  any  light,  which  is 
supposed  to*  be  a  very  important  factor  in  furthering  its 
early  development. 

II.  The  Congenital  Abnormalities. 
1.  Fibrous  Tissue  Tumor  of  the  Ligamentum  Pectinatum 
(Fig.  2). — This  tiny  ovoid  tumor  (19  by  5G/x  in  cross-section) 
is  composed  of  dense,  nucleated  connective  tissue  and  re- 
sembles the  neighboring  scleral  tissue.  That  it  is  confined 
entirely  to  the  uveal  meshwork  is  indicated  not  only  by  its 
location,  but  also  by  the  fact  that  it  contains  no  elastic  fibers 
and  is  surrounded  by  a  homogeneous  glass  membrane  or 
capsule  which  is  continuous  with  Descemet's  membrane, 
that  partly  covers  over  the  inner  surface  of  the  uveal  mesh- 
work. The  tumor  most  likely  represents  a  small  amount  of 
mesoderm  which  either  failed  at  that  site  to  become  spaced 
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apart  and  transformed  into  loose  uveal  framework,  or  be- 
came displaced  while  the  anterior  chamber  was  opening  up. 
The  unfolding  of  the  anterior  chamber,  according  to  See- 
felder,^'^  begins  in  the  fifth  month  of  fetal  life  and  is  not  com- 
pleted until  the  sixth  month.  The  interference,  therefore, 
whatever  the  cause,  could  not  have  occurred  later  than  the 
sixth  month,  for  the  separation  of  the  corneal  from  the  iris 
mesoderm  begins  at  the  periphery  and  extends  pupillary- 
ward.  Following  the  formation  of  the  anterior  chamber, 
the  differentiation  of  mesodermal  cells  into  endothelium 
takes  place,  and  Descemet's  membrane,  according  to  Salz- 
mann,**^  ''arises  as  a  cuticulum  out  of  the  endothelium  and 
is  demonstrable  from  the  fourth  month  on."  It  is  difficult 
to  reconcile  the  latter  part  of  Salzmann's  statement  with  the 
fact  that  the  anterior  chamber  is  not  supposed  to  begin  to 
open  up  until  some  time  in  the  fifth  month,  which  also  he 
believes.  In  my  case,  however,  an  unusually  early  appear- 
ance or  rapid  growth  of  Descemet's  membrane  may  have 
surrounded  a  small  mass  of  mesoderm  at  the  periphery  on 
the  nasal  side  and  prevented  its  transformation  into  uveal 
meshwork.  The  absence  of  Schlemm's  canal  is  confined 
to  the  temporal  side,  so  these  two  congenital  abnormalities 
of  the  meshwork  of  the  corneo-iridic  angle  are  independent 
of  each  other,  but  at  the  same  time  may  have  been  the  result 
of  the  same  pathologic  interference. 

2.  A  Persistent  Pupillary  Membrane  Associated  with  An- 
nular Posterior  Synechia  (Figs.  3,  a,  and  4,  a). — Normally, 
the  pupillary  membrane  is  almost  entirely  a  fine  vascular 
structure  which  originally  was  part  of  the  lamina  of  meso- 
derm that  separated  to  form  the  anterior  chamber.  This 
vascular  membrane  is  a  differentiated  part  of  the  lamina 
iridopupillaris,  which  is  the  posterior  lamella  of  the  splitting 
process.  Its  appearance  then  does  not  take  place  earlier 
than  the  fifth  or  sixth  months;  it  functionates  until  some 
time  in  the  eighth  month,  and  normally  undergoes  complete 
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resorption  by  tho  l)eji;iiinin{j;  of  the  ninth  month.  The  cir- 
culation of  the  pupillary  membrane  is  derived  from  the  vessel 
system  of  the  iris  and  is  independent  of  the  tunica  vasculosa 
lentis,  whose  vessels,  however,  are  drained  through  the  iris 
system  by  their  connection  with  the  iris  primordium  at  its 
inner  or  i)upillary  margin. 

In  this  case  the  membrane  is  composed  of  tissue  identical 
in  structure  with  that  of  the  iris,  and  a  line  of  demarcation 
between  the  two  is  not  demonstrable,  characteristics  which 
Vassaux^**'-  also  mentions.  The  membrane  is  greatly  thick- 
ened and  appears  more  like  a  loose  fibrous  sheath,  for  it  is 
no  longer  functionating  as  a  vascular  structure.  There  are, 
however,  cross-sections  of  tiny  vessels,  some  of  which  con- 
tain blood,  seen  along  the  peripheral  surface  of  the  lens,  both 
behind  the  pupillary  margin  of  the  iris  and  adjacent  to  the 
margin,  which  probably  represent  drainage  vessels  from  the 
rete  vasculosum  lentis.  There  is  no  evidence  of  any  other 
outlet  for  the  blood  that  was  being  conveyed  in  this  latter 
structure.  Ordinarily,  according  to  Bruckner, ^^  the  mem- 
brana  pujnllaris  perseverans  functionates  longer  than  does 
the  tunica  vasculosa  lentis,  but  in  this  case  the  situation  is 
reversed.  The  two,  however,  still  persist  in  a  much  thick- 
ened and  altered  form,  the  latter  as  a  functionating  structure 
and  the  former  as  a  non-functionating.  Many  cases  of 
persistent  pupillary  membrane  have  been  reported.  Brtick- 
ner  reports  one,  however,  with  complications  much  like  this 
case.  He  found,  in  a  girl  seven  years  old,  a  double  mem- 
branous cataract  with  a  persistent  tunica  vasculosa  lentis 
and  a  persistent  membrana  pupillaris. 

The  annular  posterior  synechia  produces  a  complete 
seclusio  pupillcE,  resulting  in  a  bulging  forward  of  the  iris  as 
an  iris  bombe.  This  bulging  is  less  marked  on  the  nasal  side 
because  of  the  presence  of  adhesions  between  the  posterior 
surface  of  the  iris  and  structures  behind.  There  are  no  evi- 
dences of  inflammation  at  the  site  of  the  synechia,  which 
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is  confined  to  the  pupillary  margin.  The  adhesion,  there- 
fore, must  be  considered  as  a  delayed  physiologic  process, 
associated  with  the  presence  of  the  persistent  pupillary  mem- 
brane. The  small  capillaries  and  blood-vessels  extending 
not  only  across  the  pupillary  space,  but  also  backward  to 
connect  with  the  persistent  tunica  vasculosa  lentis,  probably 
acted  as  restraining  bands  against  which  the  action  of  either 
the  sphincter  or  the  delicate  dilator  pupillse  muscle  must 
have  had  but  little  or  no  effect.  The  posterior  synechia  is 
intimately  associated  with  another  congenital  abnormality 
which  is  discussed  in  the  next  section. 

3.  Entropium  Uvece. — A  complete  inversion  of  the  pupil- 
lary margin  of  the  iris  occurs  except  for  a  short  space  on  the 
nasal  side.  The  adhesion  to  the  lens,  therefore,  is  made  by 
the  cells  of  the  iris  stroma,  and  not  by  the  posterior  pig- 
mented layer  of  epithelial  cells.  This  anomaly  may  best  be 
explained  in  the  following  way:  The  anterior  surface  of  the 
iris  at  the  pupillary  margin  was  closely  united  with  a  per- 
sistent pupillary  membrane,  which  ordinarily  grows  pari 
passu  with  the  growth  of  the  lens.  But  the  membrane  was 
no  longer  functionating  as  a  vascular  structure;  it  had  in- 
creased greatly  in  its  connective-tissue  element,  and  conse- 
quently, probably  for  a  period  of  a  few  weeks  at  least,  had 
remained  immobile  while  the  lens  grew  outward  from  under 
it.  But  the  posterior  pupillary  margin,  not  being  restrained 
by  the  pupillary  membrane,  and  also  being  connected  be- 
hind with  small  vessels  from  the  persistent  tunica  vasculosa 
lentis,  which  vessels  were  functionating  and,  therefore, 
growing,  maintained  the  same  identical  contact  with  the 
lens  as  it  grew.  The  result  was  that  the  posterior  margin  of 
the  pupil  was  gradually  pulled  away  from  the  anterior  sta- 
tionary margin,  and  a  gradually  increasing  triangular  space 
was  formed  between  them  and  the  lens-capsule.  The  sepa- 
ration, however,  was  finally  halted  by  a  more  or  less  straight 
pull  upon  the  anterior  margin  as  the  angle  reached  its  maxi- 
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mum.  What  occurred  after  that  was  a  revolving  of  the  pos- 
terior margin  outward  to  keep  pace  with  the  growth  of  the 
lens  until  the  layers  of  the  iris  were  completely  and  sharply 
inverted,  and  the  stroma  layer  formed  the  contact  with  the 
lens-capsule. 

Three  somewhat  similar  cases  are  recorded:  In  1910 
Seefelder,^^  in  a  review  of  the  literature  on  the  pathology  and 
pathologic  anatomy  of  the  eye,  merely  mentioned  a  case 
which  he  called  "entropium  des  pupillarandes.^'  A  descrip- 
tion of  this  case,  he  said,  he  had  not  yet  published,  but  he 
intimated  that  he  intended  doing  so  shortly.  A  search 
through  the  subsequent  literature  has  failed  to  find  it.  In 
1905  Enslin^^  reported  a  case  which  he  called  "entropium 
iridis."  The  pigment  layers  did  not  reach  up  to  the  pupil- 
lary margin,  but  ended  0.4  mm.  short  of  it.  His  drawing 
shows  the  sphincter  muscle  greatly  thickened  and  filling 
out  the  area  at  the  pupillary  margin  where  the  pigment 
layers  are  wanting.  Enslin's  case,  therefore,  appears  to  be 
the  direct  antithesis  of  the  condition  called  ectropium  uvese, 
found  normally  in  the  eye  of  the  horse,  and  where  the  pig- 
ment layers  extend  around  the  pupillary  margin  onto  the 
anterior  surface  of  the  iris.  Another  case  reported  by  Klein^^ 
is  called  "inversio  iridis.''  This  anomaly  was  found  in  a 
microphthalmic  eye  of  a  thirteen-year-old  idiot;  the  iris 
turned  backward  in  the  "form  of  scales";  the  posterior 
chamber  was  greatly  deepened,  and  the  distended  iris  had 
become  adherent  to  the  lens.  Klein  considered  the  anomaly 
most  likely  one  of  congenital  origin. 

The  abnormality  represented  by  my  case  may  also  be 
called  entropion  of  the  pupillary  margin,  or  perhaps  a  pseudo- 
entropium  uvece. 

4.  The  Processes  From  the  Posterior  Surface  of  the  Iris 
(Figs.  5,  a,  6,  10,  a). — Coats--  has  described,  in  a  case  of 
microphthalmos,  and  has  shown  in  a  photograph,  a  single 
long  process  on  the  posterior  surface  of  the  iris  which  he  calls 
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a  minor  plication  of  the  inner  layer  of  the  optic  vesicle. 
There  were  no  zonular  fibers  connected  to  it;  there  was  no 
distal  insertion.  This  plication  was  undoubtedly  an  effort 
on  the  part  of  the  posterior  sui'face  of  the  iris  to  form  a  cili- 
ary process,  which  may  be  an  example  of  one  type  of  ''mis- 
placed derivatives  of  the  secondary  optic  vesicle  in  congeni- 
tally  abnormal  eyes,"  which  Coats'--^  has  in  another  article 
treated  exhaustively.  In  my  case  the  projections  from  the 
posterior  surface  of  the  iris  were  not  plications,  but  an  actual 
pulling  out  of  the  pigmented  cells  into  processes,  from  the 
ends  of  which  zonular  fibers  extend  backward  to  the  ad- 
jacent ciliary  process  and  to  the  surface  of  the  lens-capsule. 
Garnier^^  has  observed  that  in  the  eye  of  the  new-born  zonu- 
lar fibers  not  only  come  from  the  anterior  ciliary  processes, 
but  also  from  the  angle  of  the  posterior  chamber.  Czermak'-^ 
has  reported  that  in  an  embryo  of  six  and  a  half  months  the 
zonular  fibers  still  filled  out  the  entire  posterior  chamber, 
and  extended  not  only  from  the  posterior  processes  of  the 
ciliary  body,  but  also  from  the  peripheral  half  of  the  posterior 
layer  of  the  iris  and  from  the  anterior  part  of  the  ciliary 
body.  Salzmann^^  has  made  a  similar  observation.  The 
processes  in  my  case  evidently  represent  the  places  where 
the  iris  and  first  ciliary  process  were  in  contact  in  the  later 
months  of  fetal  life  and  pulled  apart,  leaving  a  trail  of  con- 
necting processes. 

5.  Retinal  Processes  (Fig.  7). — There  must  have  been 
hundreds  of  these  little  processes  extending  into  the  vitreous 
from  the  retina.  The  sections  show  them  almost  entirely 
confined  to  the  anterior  segment;  the  most  posteriorly 
placed  processes  are  seen  just  a  short  distance  behind  the 
equator.  Although  Mallory's*^'  neuroglia  stain,  like  Wei- 
gert's,^"^  does  not  give  an  absolutely  true  differential  color 
for  neuroglia  tissue,  it  can  safely  be  asserted  that  these 
processes  are  composed  of  nucleated  neuroglia  cells;  their 
roots  are  visible  as  far  as  Henle's  fibers  are;   they  show  the 
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same  kind  of  micloi  that  Miiller's  fibers  do;  and  they  are 
absolutely  identical  in  structure  and  staining  reaction  to  the 
glial  mantle  of  the  optic  nerve  end  of  the  persistent  hyaloid 
artery.  There  is  no  evidence  that  they  represent  the  rem- 
nants of  previous  blood-vessels  that  may  have  connected  the 
hyaloid  and  retinal  vascular  systems.  It  is  true  that  the 
hyaloid  system  was  still  functionating  at  the  time  the  eye 
was  enucleated,  but  no  connections  are  visible  between  the 
vessels  and  the  processes  in  the  vitreous.  To  the  ends  of 
many  of  the  processes  there  appear  to  be  connected  sprays  of 
straight  homogeneous  fibers  which  radiate  out  into  the 
vitreous  and  are  soon  lost  to  view.  In  size  and  consistence 
they  are  not  unlike  the  vitreous  fibers  in  which  they  ramify, 
but  their  general  appearance  suggests  rather  their  being 
more  typical  of  certain  forms  of  zonular  fibers  as  seen  else- 
where in  the  eye,  particularly  from  the  iris  processes  (vide 
supra).  At  any  rate  it  seems  that  these  retinal  processes 
are  the  result  of  the  same  pathologic  interference  that  pro- 
duced processes  on  the  posterior  surface  of  the  iris.  This 
interference  may  have  been  in  the  form  of  a  sudden  swelling 
of  the  lens,  which  shows  evidence  of  rupture,  in  consequence 
of  which  the  whole  anterior  segment  of  the  inner  leaf  of  the 
optic  cup  came  into  contact  with  the  lens,  after  which  the 
process  of  repair  to  the  lens  and  the  continued  growth  of  the 
eyeball  permitted  the  optic  cup  again  to  separate  from  the 
lens.  These  processes  of  neuroglia  tissue,  then,  may  repre- 
sent former  sites  of  adhesions  which,  in  separating,  pulled 
into  the  vitreous  tags  of  rudimentary  retina.  Later  they 
may  have  been  connected  to  the  lens  in  the  form  of  zonular 
fibers,  which  fibers  finally  became  broken  or  lost  in  the  de- 
veloping vitreous  structure.  The  fact  that  all  the  processes, 
without  exception,  are  inclined  forward  toward  the  lens  gives 
added  support  to  this  theory.  On  the  other  hand,  it  ap- 
pears that  the  formation  of  zonular  fibers  is  not  wholly  de- 
pendent upon  previous  contact  of  the  inner  layer  of  the  optic 
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cup  with  the  lens,  for  Hess^^  has  found,  in  a  case  of  micro- 
cornea, iris  colohoma,  ectopia  lentis,  etc.,  that  "in  the  region 
of  the  coloboma  the  zonula  failed  behind  and  the  lens  pro- 
jected free  into  the  space  between  the  vitreous  and  the 
anterior  chamber,  and  in  the  corresponding  position  of  the 
ciliary  body  one  sees  here  and  there  an  isolated,  short  rudi- 
mentar}^  zonule  with  just  a  hint  of  little  fibers."  Moreover, 
more  recent  researches  of  Bach,*'  Salzmann,*-  and  others 
indicate  that  the  zonular  fibers  do  not  develop  as  the  result 
of  contact  between  the  lens  and  the  inner  layer  of  the  optic 
cup. 

There  are  two  other  cases  on  record  describing  and  show- 
ing by  drawings  the  proliferation  of  neuroglia  tissue  in  the 
vitreous.  In  1865  Iwanoff^"  described  what  he  called  "pap- 
illary outgrowths  of  the  limitans  interna' '  and  "proliferation 
of  the  radiating  fibers  into  the  vitreous  body."  In  1907 
Salzmann^^  described  a  "peculiar  proliferation  of  the  Miil- 
ler's  supporting  fibers  into  the  vitreous  in  a  case  of  probable 
congenital  keratoconus,"  and  in  Tafel  II,  Fig.  14,  of  his 
article,  he  shows  nucleated  processes  extending  from  the 
retina  into  the  vitreous,  almost  identical  with  those  of  my 
case,  except  that  the  processes  he  pictures  show  much  fewer 
nuclei'.  Salzmann  thinks  that  the  proliferation  does  not 
necessarily  have  a  pathologic  significance,  but  that  "it  does 
indicate  that  the  delimitation  of  the  supporting  tissue  of  the 
peripheral  portions  of  the  retina  from  that  of  the  vitreous 
is  a  defective  one,  and  the  developmental  history  of  the 
vitreous  gives  the  key  to  this."  It  should  be  emphasized 
that  the  delicate  internal  limiting  membrane  in  my  case 
continued  completely  over  the  surface  of  each  process,  even 
to  its  tip,  and  that  the  fibers  mentioned  above  seem  to  come 
from  or  to  be  attached  to  the  membrane  only.  This  does 
not  lend  support  to  Tornatola's^"'*  theory  that  the  vitreous 
fibrillse  are  a  homologue  to  Miiller's  fibers.  In  addition  to 
the  fibers  connected  with  the  tips  of  the  processes  there  are 
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fibers  which  are  definitely  seen  to  be  vitreous  fibers;  some 
of  these  are  connected  with  the  surface  of  the  membrane  of 
the  processes  in  the  same  way  that  others  are  connected  to 
the  internal  limiting  membrane  of  the  retina,  but  this  con- 
nection evidently  is  the  insertion  of  the  fiber  and  not  the 
origin,  because,  as  the  fibers  as  a  whole  are  traced  forward, 
they  are  seen  to  become  coarser  and  coarser,  and  finally  in 
this  case  to  be  connected  with  the  posterior  surface  of  the 
fibrovascular  sheath  of  the  lens. 

6.  Persistent  Hyaloid  Artery  (Figs.  8  and  9). — The  hyaloid 
sj'-stem  was  still  functionating  at  the  time  of  enucleation, 
but  some  of  the  vessels  show  their  lumina  closed.  As  has 
already  been  .stated,  the  drainage  of  this  system  was  evi- 
dently taking  place  through  tiny  vessels  which  extended 
forward  around  the  equator  of  the  lens  to  connect  with  ves- 
sels at  the  pupillary  margin  of  the  iris.  There  is  practically 
a  complete  disappearance  of  all  evidence  of  the  smaller  vitre- 
ous branches  of  the  hyaloid  vessels,  only  a  little  cellular 
debris  remaining.  Normally  this  disappearance  begins  to 
take  place  in  the  fifth  month  of  fetal  life.  According  to 
Calderaro,^^  the  circulation  in  the  hyaloid  system  ceases  in 
the  sixth  month,  and  the  whole  vascular  structure  disappears 
by  the  beginning  of  the  ninth  month  (the  optic  nerve  por- 
tion of  the  artery  persisting  the  longest,  due,  no  doubt,  to 
the  presence  at  that  end  of  a  mantle  of  glial  cells  which  ex- 
tends forward  around  the  artery  for  a  distance  of  about 
2  mm.).  Collins-^  makes  the  observation  that  when  the  cen- 
tral hyaloid  artery  persists  and  is  patent,  the  fibrovascular 
sheath  also  persists  and  becomes  much  thickened,  but  he 
does  not  state  which  he  thinks  is  the  primary  cause. 

7.  Cortical  Cataract. — The  cataractous  process  must  have 
been  going  on  for  some  time,  for  there  is  a  complete  absence 
of  the  epithehal-cell  whorls  at  the  equator  and  a  continuous 
single  layer  of  epithelium  around  the  posterior  surface  of  the 
lens  beneath  the  capsule;    also  there  is  present  a  consider- 
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able  amount  of  hyaline  material  in  the  disintegrated  lens- 
fibers.  Nevertheless,  there  must  have  been  some  clear 
lens-substance,  for  the  history  states  that  a  white  reflex, 
showing  vessels,  appeared  far  forward  in  the  vitreous,  and 
this,  as  the  records  show,  was  mistaken  for  a  glioma  retince. 
But  on  the  whole  the  fibers  of  the  lens,  instead  of  developing 
in  their  normal  way,  tightly  filling  out  the  capsule  in  which 
they  were  contained,  had  undergone  retrogressive  changes 
which  rendered  the  capsule  somewhat  lax,  and  permitted 
thereby  the  epithelial  cells  to  proliferate  around  the  posterior 
surface.  Also  the  posterior  capsule  was  ruptured,  and 
through  the  opening  fibrous  tissue  from  the  fibrovascular 
sheath  had  entered  the  lens  cortex  to  a  depth  of  0.48  mm.; 
the  capsule  itself  had  also  become  markedly  thickened  in 
places.  The  size  of  the  lens  was  not  more  than  three-fourths 
the  size  of  the  lenses  found  in  the  new-born,  according  to  the 
figures  given  by  Salzmann.^^  The  cataract  in  this  case  is 
intimately  associated  with  the  persistent  tunica  vasculosa 
lentis,  which  is  discussed  in  the  next  section. 

8.  The  Persistent  Tunica  Vasculosa  Leyitis  Transformed 
into  a  Thick  Fibrovascular  Sheath  (Figs.  8,  10,  and  12). — An 
opaque  mass  on  the  posterior  surface  of  the  lens,  composed 
of  cells  and  fibers  into  which  a  persistent  hyaloid  artery,  still 
patent  and  carrying  blood,  entered  and  broke  up  into 
branches,  has  on  several  occasions  been  mistaken  for  a  tumor 
in  the  vitreous.  Mayou''^  and  Vassaux^"-  each  report  a  case, 
and  Collins'-^  two  cases  of  persistence  of  the  tunica  vasculosa 
lentis  which  came  to  enucleation  for  suspected  glioma. 
Salzmann  says  the  tunica  vasculosa  lentis  undergoes  re- 
gression at  the  same  time  as  the  arteria  hyaloidea,  i.  e.,  com- 
pletely disappears  not  later  than  the  beginning  of  the  ninth 
month.  Normally  this  membrane  consists  of  nothing  but 
vascular  tissue,  but  in  this  case  there  has  occurred  marked 
proliferation  of  connective  tissue,  evidently  over  a  consid- 
erable period  of  time,  so  that  the  vascular  membrane  has 


Howard:  Multiple  Congenital  Abnormalities  of  Eye.  287 

really  l)ecomc  a  fibrous  sheath,  0.3()  mm.  in  thickness,  and 
containing  few  blood-ve.ssels.  Peripherally  the  sheath 
reaches  to  some  of  the  ciliary  processes  and  also  around  the 
lens  to  its  equator,  Grolman^-  pictures  the  fibrovascular 
sheath  as  having  adhesions  to  the  ciliary  processes  in  a  case 
of  "microi)hthalm()s  with  congenital  vascular  cataract  and 
persistent  hyaloid  artery,"  That  the  persistent  tunica  vas- 
culosa  lentis  in  my  case  is  composed  of  fibrous  connective 
tissue  rather  than  glial  cells  proliferating  forward  along  the 
hyaloid  vessels  is  definitely  determined  by  the  positive 
presence  of  a  large  number  of  elastic  fibers  throughout  the 
structure  of  the  sheath.  The  sheath  has  extended  through 
the  ruptured  posterior  capsule  of  the  lens  to  a  greater  depth 
within  the  capsule  than  its  thickness  behind.  The  result  of 
this  was  to  retard  the  cataractous  process  rather  than  to 
hasten  it,  because  it  partly  restored  the  internal  pressure 
upon  the  relaxed  capsule  and  also  plugged  up  the  space 
caused  by  the  rupturing  of  the  capsule.  Was  the  cataract 
the  result  of  the  persistence  of  the  hyaloid  artery  and  fibro- 
vascular sheath  or  did  the  artery  persist  and  the  sheath 
proliferate  as  a  result  of  the  changes  occurring  in  the  lens? 
Vassaux  thinks  that  the  persistence  of  the  hyaloid  artery 
and  the  pupillary  membrane  leads  to  the  following  altera- 
tions in  the  lens:  "Anterior  and  posterior  cortical  cataract, 
gradually  becoming  general,  followed  by  liquefaction  of  the 
lens,  its  swelling  and  rupture,  and  finally  to  end  in  a  dry  and 
siliquous  cataract  with  perhaps  ossification  of  the  nucleus." 
Collins  admits,  on  the  other  hand,  that  he  is  unable  to  de- 
termine which  is  the  primary.  The  close  relationship  of  the 
fibrovascular  sheath  to  the  vitreous  is  discussed  in  the  sec- 
tion on  the  "Vitreous." 

9.  The  Abnormal  Zonula  Ciliaris. — This  structure  was  dis- 
covered by  Zinn^^^  in  1755,  who  describes  it  as  a  zonule  of 
strong  transverse  fibers  originating  in  the  vitreous  and  in- 
serted in  the  lens,     Zinn  accepted  the  theory  of  Petit, "^  who 
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described  a  canal,  which  he  says  he  injected,  between  the 
vitreous  and  the  hgament  of  the  lens.  Berger^  states,  in  his 
"Anatomie  d'Oeil,"  that  it  "is  without  question  that  the 
canal  injected  by  Petit,  the  physician,  in  1726,  is  the  pos- 
terior zonular  cleft,  which  is  produced  in  several  ways:  viz., 
by  detachment  of  the  vitreous  body,  by  exudate  (irido- 
cyclitis, staphyloma,  glaucoma),  by  postmortem  changes,  or 
by  injection."  Virchow^*^^  and  others  deny  the  existence  of 
such  a  space  and  also  of  another  space  between  the  anterior 
and  the  posterior  zonular  fibers,  such  as  Hannover^^  tried  to 
show,  designating  it  wrongly  the  canal  of  Petit,  for  zonular 
fibers  fill  out  the  area  external  to  the  equator  of  the  lens  as 
well. 

There  has  been  a  great  difference  of  opinion  as  to  the  origin 
of  the  zonular  fibers,  Iwanoff^^  considered  them  as  springing 
out  from  the  vitreous,  and  that  their  beginning  in  this  situa- 
tion is  represented  by  wavy  bundles  of  very  fine  fibrillse. 
He  states  that  "the  zonular  fibers  are  neither  connective 
tissue  nor  elastic  fibers,"  thereby  indicating  his  position  in 
regard  to  the  origin  of  the  vitreous.  Arnold^  and  Lieber- 
kiihn*'^  conceived  the  idea  that  the  zonule  is  a  direct  con- 
tinuation of  the  hyaloid  membrane,  which  they  considered 
as  having  the  same  origin  as  the  vitreous.  Henle,^^  Kol- 
liker,"  and  Berger^  declared  its  origin  was  from  both  vitreous 
and  hyaloid  membrane.  Schultze^^  and  von  Spee^''  thought 
that  some  of  the  zonular  fibers  at  least  come  out  of  the  ends 
of  the  cells  of  the  ciliary  epithelium  which  are  drawn  out  into 
long  points  directed  toward  the  lens.  Dessaur^'  confined  the 
origin  of  the  fibers  to  the  region  of  the  pars  ciliaris,  and  de- 
clared that  they  arise  from  its  homogeneous  limiting  mem- 
brane, which  he  considered  a  continuation  of  the  membrana 
limitans  interna  retinae.  Brailey^-  included  both  the  cells 
of  the  pars  ciliaris  retinae  and  the  membrana  hyaloidea  as 
the  source  of  the  zonule.  Claeys^"  and  Schoen^^  asserted 
that  no  zonular  fibers  come  out  from  the  vitreous,  but  from 
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the  rolls  of  tho  pars  ciliaris  rotina'  in  the  form  of  fine  fibrillse 
as  a  honiologue  to  Miiller's  fil)ers.  In  another  paper  Schoen** 
states  that  ''the  fibers  of  the  ciliary  ligament  belong  to 
the  retinal  tissue  itself  and  represent  merely  a  continuation 
of  the  membrana  fenestrata  and  the  radiating  supporting 
fibers."  Agababow,-  although  characterizing  the  zonular 
fibers  as  taking  the  Weigert  neuroglia  stain,  concluded  that 
they  are  of  an  intermediate  nature  between  elastic  fibers  and 
neuroglia  tissue,  for  they  possess  the  characteristics  of  the 
one  classification  as  much  as  the  other.  He  emphasized  the 
fact  that  the  neuroglia  fibers  form  no  anastomoses,  also 
make  no  net,  as  the  elastic  fibers  are  known  to  do.  Mawas,^^ 
as  recently  as  1910,  took  the  stand  that  there  is  no  connection 
between  the  zonule  and  the  vitreous  genetically;  also  that 
the  fibers  do  not  give  a  staining  reaction  exclusively,  either 
of  connective  tissue,  elastic  tissue,  or  of  neuroglia;  or  of 
Miiller's  fibers,  "which,  indeed,"  he  says,  ''they  do  not  re- 
semble at  all."  He  does  consider  them  as  "exoplastic 
formations"  of  the  layer  of  unpigmented  cells  from  the 
crests  as  well  as  from  the  valleys  of  the  ciliary  processes, 
along  the  whole  surface  of  the  pars  ciliaris  retinae. 

The  latest  work  on  the  subject  of  the  zonular  fibers  has 
.been  done  by  Salzmann,^'-  von  Lenhossek,"^  and  Bach.''  For 
the  acceptance  of  the  theory  of  the  direct  development  of 
the  zonular  fibers  from  mesoderm  or  connective-tissue  cells 
their  investigations  give  no  support.  They  conclude  that 
the  fibers  develop  out  of  the  vitreous,  von  Lenhossek  bases 
his  conclusions  upon  the  results  of  his  studies  of  the  zonular 
development  in  the  chick.  Bach  found  the  zonular  space  in 
the  young  embryo  "completely  filled  up  with  vitreous  tissue 
throughout  the  whole  extent  of  the  pai's  cceca  retinae.  This 
tissue,"  he  says,  "which  later  disappears,  is  distinguished 
from  the  remaining  part  of  the  vitreous  by  looser  and  coarser 
fibers.  A  distinct  direction  of  its  fibers  is  not  apparent." 
The  first  sign  of  zonular  fibers  Bach  observed  in  an  embryo 

19 
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130  mm.  long,  that  is  to  say,  at  the  beginning  of  the  fourth 
month.  In  this  instance  the  zonular  space  was  still  com- 
pletely filled  up  with  a  vitreous  network ;  nevertheless,  single 
fibers  were  plainly  discernible  which,  by  the  direction  of 
their  course,  made  known  the  later  zonule.  He  admits, 
however,  that  he  was  unable  to  prove  a  connection  between 
these  fibers  and  the  cells  of  the  pars  cseca  retinae.  Later, 
in  older  embryos,  he  was  able  to  demonstrate  what  he  con- 
cluded must  be  a  definite  connection  between  these  fibers 
and  the  cells  of  pars  cseca  retinae  on  the  outside  and  the  lens 
surface  on  the  inside.  In  an  embryo  of  about  35  cm.  he 
found  "the  vitreous  framework  had  already  completely  dis- 
appeared and  the  zonular  development  approached  even 
more  the  conditions  found  in  the  eye  of  the  adult." 

The  chief  interest  of  the  fibers  of  the  suspensory  ligament 
of  the  lens  in  the  present  case  centers  around  the  fact  that 
these  fibers  are  exhibited  in  various  stages  of  development; 
also  that  they  show  no  such  plan  or  arrangement  as  Gerlach^^ 
has  pointed  out  the  normal  eye  possesses.  The  fibers  in- 
dividually are  much  thicker  than  normal.  According  to 
Bednarski,^  this  is  due  to  a  pathologic  process  which  mats 
several  fibers  together,  but  he  says  that  no  such  thing  as 
hypertrophy  of  the  fibers  exists.  The  abnormal  arrange-, 
ment  and  appearance  of  the  fibers  may  have  been  the  result, 
as  Collins-^  suggests  in  his  case,  of  the  somewhat  relaxed  and 
changing  condition  of  the  capsule  which  prevented  the  nor- 
mal uniform  degree  of  stretching  of  the  fibers  and  resulted 
in  a  delayed  and  altered  development  of  the  zonule  as  a 
whole. 

In  spite  of  the  fact  that  from  the  tips  of  some  of  the  much- 
elongated  cells  over  the  ciliary  processes  there  appear  to 
come  fibers,  the  uniform  picture  elsewhere,  however,  is  that 
these  fibers  are  merely  connected  to  a  very  delicate  mem- 
brane extending  over  the  surface  of  the  cells.  This  im- 
pression is  obtained  of  the  surface,  not  only  of  the  pars 
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ciliaris  retinse,  but  likewise  of  the  processes  from  the  pos- 
terior surface  of  the  iris  and  from  the  retina.  In  no  place 
does  any  cell  from  the  inner  layer  of  the  optic  cup  definitely 
taper  out  to  end  in  a  zonular  fiber.  The  individual  fibers 
are  also  of  the  same  caliloor  from  beginning  to  end,  from  one 
insertion  to  the  other,  which  gives  the  impression  that  their 
origin  is  not  necessarily  from  either  end. 

The  appearance  of  a  few  nucleated  connective-tissue  cells 
from  the  fibrovascular  sheath  of  the  lens,  drawn  out  into 
long  fibers  which  resemble  zonular  fibers,  may  be  explained 
by  their  proliferating  along  the  border  of  original  zonular 
fibers;  or  these  nucleated  cells  and  fibers  may  have  been 
present  when  the  original  zonular  fibers  were  still  differen- 
tiating and  had  actually  become,  to  all  intents  and  purposes, 
zonular  fibers.  At  any  rate,  they  are  quite  different  from 
the  cells  of  the  pars  caeca  side  in  that  each  one  of  the  former 
tapers  out  into  a  long-continued  process  or  fiber  which  is 
part  of  it.  Disregarding,  therefore,  this  last  exception,  the 
conclusion  is  that  the  appearance  of  the  zonular  fibers  in 
this  case  favors  the  theory  that  they  are  derived  out  of  the 
vitreous,  which  originally  filled  in  the  zonular  space,  and 
that  the  termination  of  the  fibers  are  both  insertions. 

10.  The  Vitreous  Fibers  Appearing  in  Various  Stages  of 
Development. — Ever  since  Schoeler,^"  in  1848,  advanced  the 
theory  of  the  mesodermal  invagination  of  the  vitreous,  the 
question  of  the  origin  of  this  structure  has  been  one  replete 
with  discussion.  Prior  to  that  such  subjects  were  either  dis- 
missed with  a  general  statement  or  avoided  entirely.  I 
shall  briefly  give  three  examples:  In  1676,  Culpeper-^ 
stated:  "The  humours  of  the  eye  are  three,  aqueal,  crystal- 
line, vitreal.  The  retina  lies  beside  the  vitreal  and  nour- 
isheth  it,  and  the  vitreal  nourisheth  the  crystalline,  and  in 
nourishing  it  begets  the  aqueal.  .  .  .  The  watry  hu- 
mour is  in  very  deed  nothing  else  but  an  excrement,  and  no 
better,  for  it  hath  been  known  to  have  been  quite  let  out  by  a 
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wound  and  yet  in  space  of  time,  renewed  again  and  the  man 
seen  never  the  worse. "  In  1788  Degravers,^^  in  his  ''Treatise 
of  the  Human  Eye,"  said:  "The  vitreous  body  and  the 
crystalline  humor  are  to  be  considered  the  source  of  the 
aqueous  humor  and  consequently  of  the  tears  which  pass 
through  the  excretory  pores."  In  1834  John  Dalrymple" 
stated  that  "from  the  arrangement  of  the  cells  we  are  en- 
titled to  conclude  that  the  vitreous  fluid  is  retained  within 
its  cells  in  a  manner  similar  to  that  in  which  the  juice  of  an 
orange  is  contained  within  the  cells  of  its  pulp." 

The  theory  of  Schoeler  was  not  seriously  challenged  for 
nearly  fifty  years,  except  by  Herzog,^^  who  endeavored  to 
advance  the  theory  that  out  of  the  retina  ultimately  come 
the  necessary  cells  for  the  regeneration  of  the  vitreous. 

The  substance  of  Schoeler's  theory  was  that  embryonic 
connective  tissue  gained  entrance  into  the  eyeball  through 
the  fetal  cleft  and  the  narrow  circular  space  between  the 
lens  and  the  margin  of  the  secondary  optic  vesicle;  it  also 
included  the  possibility  of  a  layer  of  mesoderm  between  the 
primary  optic  vesicle  and  the  superficial  ectoderm  contribut- 
ing toward  the  formation  of  the  vitreous. 

As  late  as  1899  Carini  i'-*  gave  support  to  Schoeler's  theory, 
which  had  been  vigorously  attacked  by  RabP^  that  same  year 
and  by  Tornatola^°^  the  year  before.  Rabl  took  the  stand 
that  the  first  appearance  of  the  vitreous  occurs  in  the  neigh- 
borhood of  the  retina  ciliaris  at  a  time  which  was  in  advance 
of  the  appearance  of  mesoderm  in  the  secondary  optic  ves- 
icle. Tornatola,  denying  the  existence  of  an  internal  limit- 
ing membrane,  postulated  the  theory  that  the  innermost 
cells  of  the  embryonic  retina  are  the  source  of  origin  of  the 
vitreous,  and  that  from  these  cells  little  fibers  grow  out 
which  form  the  vitreous  through  the  formation  of  numerous 
anastomoses. 

The  twentieth  century  has  brought  forth  many  opponents 
and  but  few  adherents  to   Schoeler's  theory.     The  great 
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majority  of  observers,  although  supporting  the  ectodermal 
origin  of  the  vitreous,  do  not  always  confine  that  origin 
specifically  to  the  retinae.  A  few  postulate  the  mixed  de- 
velopment: i.  e.,  the  partly  ectodermal  and  the  partly  meso- 
dermal structure  of  the  vitreous.  For  instance,  Lenhossek^^ 
advances  the  theory  that  the  entire  vitreous  body,  except 
the  hyaloid  canal,  is  derived  from  the  primordial  lens  by  the 
formation  of  basal  cones  from  which  sprout  fine  little  fibers. 
He,  on  the  other  hand,  believes  that  the  zonular  fibers  grow 
out  independently  from  the  cells  of  the  pars  ciliaris  retinse. 
He  considers  the  hyaloid  canal,  which  was  fiirst  described 
and  named  by  Cloquef-^  and  later  by  Stilling,^^  to  be  the  only 
mesodermal  part  of  the  vitreous,  and  that  the  mesoderm 
composing  it  enters  together  with  the  hyaloid  vessels.  Kol- 
liker^^  advocates  the  theory  of  mixed  development,  but 
attacks  the  theory  of  the  lenticular  origin  of  the  vitreous. 
The  ectodermal  part,  he  believes,  is  derived  from  the  retina. 
On  the  other  hand,  Addario,'  Wolfrum,^^'-  and  von  Szily^^ 
contend  that  the  vitreous  is  entirely  of  ectodermal  origin  and 
that,  too,  from  the  retinal  layer.  They  believe  that  the  fine 
protoplasmic  connecting  processes  found  between  the  lens 
primordium  and  the  inner  layer  of  the  optic  cup  in  the  very 
young  embryo  represent  the  primitive  vitreous;  also  that 
coincident  with  the  progressive  histologic  differentiation  of 
the  retina  the  power  of  the  latter  to  form  vitreous  gradually 
disappears,  progressing  from  the  region  of  the  optic  stalk 
toward  the  pars  caeca  retinae.  The  later  vitreous  source, 
they  think,  is  entirely  confined  to  the  pars  ciliaris  retinae. 

The  most  recent  work  on  the  origin  and  structure  of  the 
vitreous  has  been  done  by  Alagitot  and  ^lawas,^'^'  ^^  in 
France,  and  by  Bach.^  !Magitot  and  ]\Iawas  classify  the 
vitreous  chronologically  and  genetically  into  three  divisions, 
viz.:  (1)  The  primitive  or  primordial  vitreous,  which  is  a 
product  of  the  marginal  zone  of  the  embryonal  retina,  and 
therefore  of  the  inner  layer  of  the  optic  cup.     This  vitreous 


294  Howard:  Multiple  Congenital  Abnormalities  of  Eye. 

is  short-lived  and  is  apparently  no  longer  found  in  embryos 
as  long  as  12  mm.  (2)  The  transitory  or  neuroglia  vitreous, 
which  is  marked  by  a  proliferation  of  Miiller's  cells  into  the 
vitreous  chamber  and  by  the  growth  of  a  mantle  of  neuroglia 
which  appears  at  the  end  of  the  eighth  week  and,  according 
to  these  authors,  envelops  the  entire  hyaloid  vascular  sys- 
tem. This  vitreous  disappears  with  the  vessels.  (3)  The 
final  or  definitive  vitreous,  which  develops  as  a  fibrillary 
formation  from  the  entire  retina,  especially  the  ciliary  por- 
tion. Their  opinion,  therefore,  briefly,  is  that  the  vitreous 
is  directly  and  entirely  of  retinal  origin  and  that  the  two 
structures  may  both  be  considered  part  of  the  central  ner- 
vous system. 

Bach  says  that  the  question  is  not  so  much  as  to  what 
extent  the  vitreous  is  formed  by  the  lens  or  retina  or  by  both, 
as  it  is  to  what  extent  the  mesodermal  tissue  participates  in 
the  structure.  On  this  point  Bach  states  that  "the  con- 
struction of  the  vitreous  body  has  entered  into  a  new  phase 
on  account  of  the  determination  of  a  connection  between 
ectodermal  fibers  and  mesodermal  cells.  It  has  especially 
been  proved  that  the  epithelial  fibers  of  the  vitreous  combine 
directly  with  the  vessel  endothelial  cells  so  that  a  continu- 
ous strand  of  protoplasm  is  formed  between  Mtiller's  cells 
in  the  retina  and  the  endothelial  protoplasm."  Bach,  there- 
fore, advocates  the  mixed  development  of  the  vitreous. 

In  the  case  represented  by  this  paper  the  pathologic  re- 
port shows  the  presence  of  three  types  of  vitreous  fibers: 
The  first  is  that  mass  of  typical  protoplasmic  connecting 
processes  from  the  nuclear-free  or  marginal  zone  of  the  inner 
layer  of  the  secondarj^  optic  vesicle,  which  practically  all 
authorities  agree  is  the  primitive  vitreous.  This  is  best 
shown  in  Fig.  11,  c,  where  the  rudimentary  retinal  laj^er  in 
Lange's  fold  is  seen  to  have  been  doubled  over  upon  itself 
and  upon  the  pars  plana  retinae.  The  second  variety  is  that 
system  of  fine  fibers  which  appear  to  come  from  the  cells  of 
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tho  pars  ciliaris  retime  and  stream  backward  along  the  peri- 
phery of  the  internal  limiting  membrane.  The  third  variety 
of  fibers,  which  is  the  predominating  type,  comprises  that 
mass  of  fibers  which  certainly  appear  to  come  from  the  cells 
of  the  fibro vascular  sheath  of  the  lens  (Fig.  12).  This 
sheath  is  definitely  to  be  considered  as  a  connective-tissue 
structure  because  of  its  positive  staining  reaction  by  \'an 
Gieson's  method,  and  also  because  of  the  presence,  through- 
out, of  numerous  elastic  tissue  fibers.  These  vitreous  fibers 
have  been  remarkably  brought  out  by  a  special  method*  of 
staining  suggested  by  Dr.  \'erhoefT.  They  are  seen  to  lie  in 
a  concentric  arrangement — the  finer  longer  fibers  toward  the 
periphery  and  the  coarser  and  short  fibers  centrally  placed. 
This  case,  therefore,  it  seems  to  me,  supports  the  theory 
of  the  mixed  origin  of  the  vitreous.  It  certainly  suggests 
most  vividly  a  connective-tissue  or  mesodermal  origin  for 
part  of  the  vitreous  at  least.  It  differs  from  the  normal  in 
that  the  growth  of  the  definitive  vitreous  fibers  from  the 
retinal  layer  has  largely  been  inhibited  because  of  the  mark- 
edly abnormal  increase,  both  in  size  and  probably  in  number, 
of  the  connective-tissue  or  mesodermal  vitreous  fibers  which, 
pari  passu  with  the  persistence  of  the  hyaloid  vascular  sys- 
tem and  the  proliferation  of  its  connective-tissue  element, 
continued  their  non-arrested  development. 

Summary. 
The  most  interesting  features  of  this  case  are  the  following: 
1.  The  presence  of  rod-  and  spindle-shaped  as  well  as 
round  granules  in  the  pigment  layer  of  the  ciliary  body  and 
iris,  indicating  that  the  presence  of  the  elongated  form  is 
not,  as  is  generally  supposed,  a  distinguishing  feature  of  the 
pigment  epithelium  of  the  choroid  alone.     This  conclusion  is 

*  The  section  was  bleached  by  Verhoeff  and  Fisher's"*  method  (a  modifica- 
tion of  .\lfieri's'  method),  stained  for  four  hours  in  Verhoeff's  elastic  tissue 
stain,""  differentiated  in  a  1  per  cent,  solution  of  ferric  chlorid,  and  counter- 
stained  in  eosin. 
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substantiated  by  finding  the  same  condition  without  excep- 
tion in  the  eyes  of  many  other  cases,  including  embryos  of 
all  ages,  children,  and  adults. 

2.  Continuity'  at  the  optic  disc  on  the  temporal  side,  be- 
tween the  two  layers  of  the  secondary  optic  vesicle. 

3.  Absence  of  the  medullary  sheath  of  the  optic  nerve. 

4.  A  fibrous  connective-tissue  tumor  of  the  pectinate 
ligament  on  the  nasal  side  and  absence  of  Schlemm's  canal 
on  the  temporal  side. 

5.  Persistent  pupillary  membrane,  associated  with  annular 
posterior  synechia  and  entropium  uvese,  non-inflammatory  in 
origin. 

6.  Processes  with  zonular  fibers  from  the  posterior  sur- 
face of  the  iris. 

7.  Long  retinal  processes  of  neuroglia  tissue  extending 
into  the  vitreous. 

8.  A  fibrovascular  sheath  of  the  lens  associated  with  a 
persistent  hyaloid  artery  and  cortical  cataract. 

9.  Zonular  fibers  in  various  situations  and  in  different 
stages  of  development. 

10.  Vitreous  fibers  appearing  in  various  stages  of  develop- 
ment, the  fibers  arising  from  the  fibrovascular  sheath  pre- 
dominating and  proving  in  a  very  conclusive  way,  it  seems, 
that  part  of  the  vitreous  at  least  has  a  mesodermal  origin. 

I  take  this  opportunity  to  render  due  acknowledgment  to 
my  friend  and  teacher,  Dr.  Verhoeff,  who  has  without  re- 
serve given  me  many  valuable  suggestions  and  much  of  his 
time  in  discussing  the  unusually  large  number  of  interesting 
aspects  of  this  case. 
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PUPILLARY  STUDIES,   WITH   SPECIAL   REFER- 
ENCE TO  ANISOCORIA.* 

WILLIAM  TARUN,  M.D., 

Baltimore,  Md. 

These  studies  were  undertaken  with  a  view  to  determining 
the  frequency  and  the  diagnostic  value  of  inequahty  of  the 
pupils.  The  writer,  some  years  ago,  noted  during  retino- 
scoping  his  refraction  cases  that  inequahty  of  the  pupils  was 
rather  frequent.  Prompted  by  curiosity  to  determine  this 
frequency,  he  has  kept  a  record  of  all  private  patients  pre- 
senting for  refraction  and  ophthalmoscopy.  These  records 
number  3610.  At  first  glance  it  might  appear  that  so  large 
a  number  of  cases  would  be  sufficient  to  come  to  some 
definite  conclusion  in  all  groups,  but  in  reviewing  even  so 
many  there  were  relatively  few  of  some  conditions  which 
made  this  conclusion  impossible;  therefore,  references  to 
observations  of  other  investigators  had  to  be  resorted  to. 

*  Candidate's  thesis  for  membership  accepted  by  the  Committee  on  Theses. 
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This  was  especially  so  in  some  of  the  refractive  errors — 
antimetropia,  reflex  conditions,  and  diseases  acting  second- 
arily perhaps  through  the  sympathetic  system. 

In  some  of  the  findings  there  was  more  or  less  discrepancy 
as  given  by  other  writers;  it  is,  therefore,  well  to  state  the 
method  by  which  the  examinations  were  made. 

Method  of  Examination. 

The  method  by  which  the  examinations  were  made,  al- 
though not  known  to  the  writer  that  a  somewhat  similar 
procedure  had  been  followed  by  Bach,^  consisted  of  a  plane 
and  a  concave  ophthalmoscopic  mirror  (Morton),  a  constant 
source  of  light,  and  uniformly  dark  room.  This  concave 
mirror  was  used  only  for  the  determination  of  the  reaction 
of  the  pupils;  the  plane  mirror  for  the  inequality.  In  the 
former  case  a  distance  equal  to  slightly  more  than  the  focal 
distance  was  used;  in  the  latter,  one  meter  from  the  patient. 

Bach  made  use  of  a  concave  mirror  of  17  cm.  focal  point, 
the  observer  being  one  meter's  distance  from  the  patient. 
The  possible  objection  to  the  use  of  a  concave  mirror  in 
comparing  the  pupils  is  the  very  much  diminished  illumina- 
tion at  the  distance  suggested  by  him,  thereby  making  it 
extremely  difficult  to  obtain  a  pupillary  reflex;  whereas  a 
plane  mirror  gives  a  moderately  diminished  light  sufficient 
to  form  a  well-defined  outline  of  the  pupil  under  examina- 
tion, unless  the  media  are  cloudy,  and  that  it  does  not  stim- 
ulate the  sphincter  of  the  iris  too  actively.  This  latter  factor 
Bach  thinks  is  overcome  by  the  use  of  a  concave  mirror. 

Determining  the  reaction  and  inequality  by  daylight  is 
practically  useless  and  at  times  rather  difficult.  In  much 
pigmented  irides  one  loses  the  marked  contrast  between  the 
pupil  and  color  of  the  iris,  which  contrast  is  present  when  the 
pupil  is  illuminated  by  reflected  light;  second,  the  varying 
amount  of  light  by  day  leads  to  uncertainty;  third,  the  cor- 
neal reflex  is  very  annoying  and  interferes  with  seeing  the 
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pupil  distinctly.  I  would  suf^gest,  therefore,  that  a  uniform 
standard  of  testing  the  pupils  for  the  reaction  and  differences 
be  adopted.  This  standard  will  be  more  appreciated  by  those 
who  have  not  infrequently  mistaken  an  Argyll-Robertson 
pupil  by  daylight  which  was  not  present  by  artificial  illumi- 
nation. 

The  neurologists  may  have  some  difficulty  in  properly 
using  a  mirror  for  this  purpose,  yet  the  greater  majority 
are  familiar  with  the  use  of  an  ophthalmoscope;  therefore 
this  difficulty  should  be  easily  overcome.  Certain  it  is  that 
if  once  familiar  with  the  method,  the  daylight  test  will  be 
discarded. 

The  examination  must  be  made  under  conditions  of  quiet, 
thereby  eliminating  all  uneasiness,  otherwise  the  psychic 
reflex  is  not  excluded.  As  Behr-  states  it,  "the  psycho- 
reflector  alteration  in  the  pupillary  diameter  overlaps  the 
relative  narrow  differences  in  the  light  stimulation  so  that 
anisocoria  is  left  out."  He  further  suggests  the  lapse  of  a 
certain  period  of  time  before  the  opposite  eye  is  stimulated, 
otherwise  an  inequality  will  be  present  when  the  pupils  are 
really  equal.  There  exists  a  difference  of  opinion  as  to  how 
long  a  period  should  elapse  before  the  test  is  made.  If  one 
accepts  Behr's  suggestion  that  a  maximum  adaptation  is 
reached  in  two  hours,  it  would  be  impossible  in  our  routine 
to  carry  out  the  examination.  Schlesinger,^  in  measuring  the 
size  of  the  pupil,  gives  fifteen  minutes  as  necessary  to  have 
the  eyes  adapted  to  dark.  Schirmer^  believes  a  very  exten- 
sive adaptation  occurs  in  two  minutes.  Taking  the  last  as 
the  minimum  time  in  which  observations  can  be  made,  there 
should  not  be  much  loss  of  time. 

Behr's  contention  that  a  certain  period  of  time  should 
elapse  before  the  opposite  pupil  is  illuminated  seems  to  me 
unnecessary.  I  have  found  a  rapid  shifting  of  light  from  one 
eye  to  the  other  desirable,  in  that  it  prevents  a  recovery  of 
the  pupillary  reaction  from  which  the  light  is  momentarily 


304  Tarun:   Pupillary  Studies. 

withdrawn.  I  fail  to  see  how  a  difference  in  the  size  of  the 
pupils  can  result,  as  claimed  by  several  investigators. 

The  room  should  be  properly  darkened  if  no  regular  dark 
room  is  convenient.  The  patient  is  seated  with  his  back  to 
the  light  and  somewhat  to  one  side  of  it.  He  is  then  told  to 
look  in  the  distance,  at  some  fixed  object,  and  directl}^  past 
the  light  reflected  from  the  plane  mirror  at  a  distance  of  one 
meter.  The  observer  then  rapidly  shifts  the  light  from  one 
eye  to  the  other  about  a  half-dozen  times,  when  a  pupillary 
difference,  if  present,  can  readily  be  noted.  After  some  prac- 
tice even  a  fair  estimate  of  the  size  of  the  pupil  can  be  made, 
thereby  doing  away  with  the  more  or  less  cumbersome  in- 
struments for  measuring  the  size  of  the  pupils.  An  accurate 
estimate  of  the  size  is  of  no  practical  value,  yet  de  Schwein- 
itz^  and  others  regret  that  accurate  measurements  are  not 
recorded. 

For  the  determination  of  the  reaction  of  the  pupil  the  con- 
cave mirror  of  the  ophthalmoscope  is  used.  This  mirror  has 
a  focal  distance  of  about  11  inches  when  the  source  of  light 
is  at  infinity.  It  is  necessary  then  for  the  observer  to  be 
at  least  11  inches  from  the  patient.  This  test  for  the  reac- 
tion is  far  better  than  daylight.  Its  advantages  are  the  same 
as  in  noting  pupillar}^  differences,  especially  contrast,  by 
which  even  the  slightest  diminution  in  pupillary  reactions 
can  be  observed.  The  patient  is  again  directed  to  look  in 
the  distance,  when  the  light  is  suddenly  reflected  into  his 
eyes  and  the  activity  or  rigidity  of  the  pupil  is  noted.  In 
taking  the  reactions  to  light  in  this  manner  consideration 
must  be  given  to  the  possibility  of  error  in  Haab's  cortical 
pupillary  or  attention  reflex.  This  reflex  has  not  infrequently 
been  observed  by  the  writer,  particularly  in  the  examination 
of  the  feeble-minded.  The  reflex  consists  in  a  contraction 
of  the  pupil  which  is  maintained  as  long  as  the  attention 
remains  fixed  upon  the  reflected  light.  If  the  attention  is 
withdrawn,  as  by  engaging  the  patient  in  a  conversation,  dila- 
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tation  of  the  pupil  at  once  takes  place.  This  attention  reflex, 
I  feel  sure,  is  not  infrequently  mistaken  for  a  reflex  rigidity 
or  Argyll-Robertson  pupil. 

The  convergence  reflex  is  easily  determined  by  having  the 
patient  change  his  gaze  from  infinitj'  to  the  reflected  light. 

The  cases  studied  did  not  include  injuries  to  the  eye, 
diseases  of  the  anterior  pole,  e.  g.,  interstitial  keratitis,  etc., 
and  other  conditions  with  which  we  are  already  familiar, 
and  in  which  the  causative  factor  in  the  production  of  in- 
equality is  known  to  us. 

Groups. 
The  cases  were  divided  into  5  groups: 

Group     I:  1^^^'  .•  T Normal  eyes. 

^  1  Retraction  cases.  >  r>„„  ;  ^  i/.^^v,,. 

^  ( Rassive  lesions. 

f  Choroiditis. 
Group    II :     Intraocular  lesions  j  Chorioretinitis. 

active:  j  Retinal  hemorrhages. 

i  Albuminuric  retinitis. 

In  this  group  the  cases  present  a  marked  reduction  in  vision 
in  one  or  both  eyes. 

r  Neuritic  atrophy. 
^  TTT     T     •  r  ^1        Retrobulbar  neuritis:     toxic 

Group  III:   Lesions  of  the  j      ^^^  secondarv  to  sinusitis, 
optic  nerve:    I  Embolism     of  ^  the     retinal 
^      artery. 
Group  IV:   Paralysis  of  motor  nerves  and  Argyll-Robert- 
son pupil. 
Group    V:   Reflex  conditions,  as  the  teeth,  ears;    idio- 
pathic (I  use  the  expression  with  some  reser- 
vation),   e.    g.,    epilepsy,    ophthalmic    mi- 
graine, pulmonary  lesions. 

Group  I. — Ages. 
This  table  gives  the  ages  from  ten  years,  increasing  by 
decimals  to  eighty  years,  both  for  the  non-anisocoric  and 

20 


306  Tarun:   Pupillary  Studies. 

the  anisocoric;  the  percentage  in  which  will  be  found  fairly 
uniform.  At  ten  years  there  is  rather  a  slight  difference, 
which  gradually  increases  in  the  scale  to  between  forty 
and  fifty,  when  again  a  slight  reduction  occurs. 

This  may  be  explained  by  the  relatively  fewer  cases  ex- 
amined at  these  ages,  especially  so  at  sevent}^  and  eighty. 
Again,  the  diminution  at  the  later  ages  could  also  be  ac- 
counted for  by  the  difficulty  in  determining  slight  differences 
because  of  the  arterial  changes  present  causing  a  smaller 
pupil.  As  Graef^  states  it,  ''elderly  people  have  smaller 
pupils  because  of  the  lessened  activity  of  the  sympathetic," 
and  Axenfeld,  a  hyaline  degeneration  of  the  pupillary  margin. 

Anisocoric. 
Cases.  Per  Cent. 

30 18.88 

122 18.26 

157 19.53 

103 19.70 

87 20.19 

72 20.45 

26 18.31 

6 17.65 


XON-AXISOCORIC. 

Ages.                                                 Cases. 
10 129 

20 

546 

30 

647 

40 

420 

50 

344 

60 •. 

280 

70 

116 

80 

28 

2510       603  19.70 

In  searching  the  literature  I  could  find  nothing  pertaining 
to  the  relative  frequency  of  anisocoria  at  varying  ages.  This 
was  introduced  to  show,  or  more  particularly  to  confirm,  the 
percentage  found  present  in  the  refraction  cases. 

The  refraction  cases  without  intraocular  changes  were 
divided  into  three  classes,  viz.:  One  class,  comprising  hyper- 
opia, hyperopic  astigmatism,  and  mixed  astigmatism,  in 
which  the  plus  sphere  was  nearly  sufficient  to  consider  the 
eye  a  simple  hyperopic  astigmatic  one.  Second,  myopia, 
myopic  astigmatism,  and  mixed  astigmatism,  in  which  the 
minus  sphere  was  nearly  sufficient  to  consider  the  eye  a 
simple  myopic  astigmatic  one.  Third,  antimetropia.  These 
were  given  more  for  comparison  of  the  pupils,  to  determine 
whether  or  not  a  myopic  eye  generally  has  a  larger  pupil 


Tarun:   Pupillary  Studies.  307 

than   a   hyperopic   one,   as   claimed   by   some   authorities. 
Fourth,  emmetropia. 

N0N-ANI8OCORIC.  Anisocoric.       Per  Cent. 

Hyperopia 2042  471 18.92 

Myopia 493  106 17.60 

Average,  18.54  per  ci'nt. 

It  will  be  seen  that  in  the  larger  number  of  cases  a  slight 
variation  in  per  cent,  of  anisocoria  is  present  as  compared  to 
the  per  cent,  found  in  ages — not  enough,  however,  to  make 
a  material  difference. 

In  these  anisocoric  cases  the  right  pupil  was  the  larger  277 
times,  the  left,  300  times.  It  was  further  observed  that  in 
293  cases  returning  for  refraction  (returned  cases  were  those 
considered  after  one  year)  there  was  an  average  of  18.43  per 
cent,  anisocoria. 

\0.V-A.N180C0RIC.  A.NISOCORIC.  PeR  CeNT. 

Hyperopia 184  40 17.85 

Myopia 55  14 20.29 


Total 239  54      Average 18.43 

To  determine  whether  or  not  a  hyperopic  difference  of  less 
than  1  D.  in  refraction  of  two  eyes  had  any  influence  on  the 
anisocoria  the  cases  were  tabulated  as  follows: 


Refraction  greater  in  R.  E. 

"   L.  E. 

,   "       "   R.  E. 

"  "       "  L.  E. 


R.  pupil  larger 102 

L.  pupil  larger  107  Kg2  f  152 

L.  pupil  larger     o5  J  j 

R.  pupil  larger 50  J 


Analyzed,  this  shows  a  somewhat  larger  pupil  in  the  left  eye 
more  frequent,  i.  e.,  162  to  152. 

Again,  cases  in  which  the  refraction  was  equal,  or  such 
slight  difference  existed  that  it  may  be  considered  so,  showed 
a  relation  of  50  in  the  right  compared  to  71  in  the  left. 

Where  a  difference  in  the  hyperopia  in  the  two  eyes  greater 
than  1  D.  existed  and  hyperopia  greater  in — 

R.  E.:  R.  P.  larger 7  1 

L.  E.:  L.  R  larger  8  \  ,.     ,^ 

R.  E. :  L.  P.  larger  8  /  ^*^  f  ^- 

L.  E.:  R.  P.  larger 5  J 
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In  these  hyperopic  refraction  cases  it  shows  a  relative  fre- 
quency of  the  larger  pupil  on  the  left  side. 

In  the  myopic  refraction  cases,  with  the  myopic  difference 
less  than  1  D.  and  the  myopic  greater  in — 


R.  E. 

L.  E. 
R.  E. 
L.  E. 


R.  P.  larger 11 

L.  P.  larger  4^  ,.  ,^ 
L.  P.  larger  12  /  ^'^  [  ^'^ 
R.  P.  larger 5  J 


.With  myopic  differences  greater  than  1  D.  in — 


R.  E.:  R.  P.  larger 14 

L.  E.:  L.  P.  larger  9  !  ^. 

R.  E.:  L.  P.  larger  12  f  "^ 

L.  E.:  R.  P.  larger 11 


In  other  words,  in  myopia  the  larger  pupil  was  relatively 
more  frequent  in  the  eye  having  the  lesser  refraction  error — 
quite  the  contrary-  to  the  general  statement  that  the  more 
myopic  eye  has  the  larger  pupil. 

In  the  antimetropic  eyes  there  were  34  cases — 27  in  which 
the  pupils  were  equal  and  7  anisocoric.  The  7  anisocoric 
cases  were  divided  as  follows:  the  left  eye  myopic  4  times 
and  left  pupil  larger  twice ;  the  right  eye  myopic  3  times  and 
larger  pupil  twice. 

It  is  unfortunate  that  the  antimetropic  cases  were  not 
more  frequent,  yet  an  average  of  these  and  the  myopic  cases 
greater  than  1  D.'s  difference  contradicts  the  findings  of 
Bach  that  the  hyperopic  pupil  is  fairly  narrow,  slightly  wider 
in  emmetropic,  and  still  wider  in  the  myopic,  suggesting  that 
the  accommodative  effort  in  hyperopia  is  a  causative  factor 
in  the  production  of  anisocoria. 

Of  the  emmetropic,  numbering  18  cases,  15  had  equal 
pupils,  3,  or  16.82  per  cent.,  were  anisocoric. 

The  congenital  amblyopic  cases  show  a  striking  fact, 
which  has  also  been  observed  by  Bach,  i.  e.,  the  low  percent- 
age of  anisocoria.  Bach  makes  no  effort  to  explain  this. 
There  were  49  cases — 42  in  which  the  pupils  were  equal, 
7  anisocoric — 14.28  per  cent. 
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The  cases  of  refraction  having  an  intraocular  lesion,  par- 
ticularly chorioretinitic  and  choroidal  atrophies  (excentric), 
so  as  to  produce  no  appreciable  diminution  in  vision,  were 
not  numerous  enough  to  tabulate  in  detail  as  above.  It  may 
suffice  to  state  that  of  101  cases  of  the  foregoing,  anisocoria 
was  present  in  23,  or  22.77  per  cent.  The  right  pupil  was 
the  larger  10  times,  the  left  pupil  the  larger  13  times.  This 
higher  percentage  of  about  4  over  the  average  may  possibly 
be  accounted  for  by  the  smaller  number  of  cases  for  compari- 
son. It  is  apparent  to  all  of  us  that  a  passive  lesion,  very 
slight  in  degree,  placed  excentrically,  is  hardly  sufficient  to 
produce  an  influence  on  the  pupil. 

Summary  of  the  Foregoing. 

In  summarizing  these  cases  a  nearly  constant  percentage 
of  anisocoria  exists  in  the  first  group.  Thus,  of  2510  cases 
an  average  of  19.7  per  cent,  was  present;  of  the  refraction 
cases  having  no  intraocular  lesion,  18.54  per  cent,  were 
anisocoric. 

Of  the  anisocoric  cases,  the  left  pupil  was  the  larger  in 
54  per  cent,  of  cases. 

Of  the  myopic  cases,  the  eye  with  the  greater  myopia  had 
no  especial  influence  on  the  size  of  the  pupil;  if  any,  the 
pupil  was  on  an  average  smaller  than  its  fellow. 

Group  II. 
This  group,  as  previously  stated,  includes  all  cases  of  intra- 
ocular lesions  other  than  those  with  which  we  are  already 
familiar  as  being  factors  in  the  production  of  anisocoria,  e.  g., 
diseases  of  the  anterior  pole  of  the  eyeball  and  glaucoma. 
In  this  group  one  or  both  eyes  have  a  more  or  less  marked 
reduction  in  vision  as  the  result  of  the  lesion  being  either 
slightly  excentric  to  the  macula  or  directly  involving  this 
area.  In  none  of  these  cases  was  a  mydriatic  used  prior 
to  the  examination. 
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There  were  63  cases,  divided  as  follows:  Choroiditis  ac- 
tive, 7;  passive,  18;  chorioretinitis  and  retinal  hemorrhages, 
21;  albuminuric  retinitis  and  neuroretinitis,  17.  Of  the  total 
63  cases,  21,  or  33.3  per  cent.,  had  unequal  pupils — a  rather 
higher  percentage  than  in  group  I. 

Further  analj^sis  shows  the  right  eye  affected  38  times, 
with  equal  pupil  27  times,  unequal  11  times,  and  the  pupil 
larger  in  the  affected  eye  5  times;  in  the  opposite  eye,  6 
times;  the  left  eye  affected  25  times,  with  equal  pupil  15 
times,  unequal  10  times,  with  the  pupil  larger  in  the  affected 
eye  3  times,  opposite,  7  times. 

This  influence  apparently  began  to  subside  in  the  choroidal 
atrophic  cases.  Of  the  18  cases,  the  right  eye  was  affected 
13  times,  the  left  pupil  larger  4  times,  the  right  being  larger 
twice  and  equal  7  times;  the  left  eye  affected  5  times,  the 
left  pupil  larger  once  and  equal  4  times. 

In  the  21  cases  of  central  chorioretinitis  and  retinal  hem- 
orrhages anisocoria  was  present  10  times  as  follows: 

Eye  Affected.  Pcpil  Larger.  Pupils  Equal. 

R.  E R.  P 3 

L.  E L.P.I 


R.E L.  R5/^  ^*  11  times. 

L.  E R.  P 1  , 

Analyzed  still  further,  shows  right  eye  affected  14  times, 
with  right  pupil  larger  3  times,  opposite  5  times;  equal  6. 
The  left  eye  affected  7  times,  left  pupil  larger  1,  right  pupil 
larger  1,  equal  5. 

The  albuminuric  retinitis  cases  numbered  17 — 15  bilateral 
with  unequal  vision,  the  pupils  equal  in  12  and  unequal 
in  5. 

A  summary  of  this  group  shows  apparently  an  influence 
by  the  disease  on  the  size  of  the  pupils,  especially  in  choroidi- 
tis, and  to  some  extent  in  chorioretinitis  and  albuminuria. 
That  active  choroiditis  is  a  factor  is  shown  b}^  contrasting 
the  cases  of  acute  with  those  of  the  passive. 


Tarun:    Pupillary  Studies.  311 

Group  III. 

This  group  of  51  cases  comprises:  Atrophies,  9;  embolism, 
10;  tobacco  and  alcoholic  amblyopia,  18;  accessory  sinu- 
sitis, 14,  with  18,  or  35.3  per  cent.,  anisocorias. 

There  may  be  some  objection  to  putting  embolism  and 
retrobulbar  lesions  in  this  group,  but  in  view  of  the  fact  that 
evidence  is  present  in  the  nerve  I  have  taken  the  privilege 
to  group  them  as  above. 

Of  the  typical  optic  nerve  lesions  there  were  8 :  7  bilateral, 
1  unilateral;  the  pupils  equal  in  4  cases,  unequal  in  4  cases, 
or  50  per  cent. 

Of  embolism  of  the  retinal  artery,  there  were  10  cases. 
This  class  should  have  been  more  properly  in  Group  II, 
since  the  retinal  artery  is  a  terminal  vessel  supplying  this 
structure.  Of  10  cases,  anisocoria  was  present  4  times,  or 
40  per  cent.;  right  eye  affected  8  times,  with  anisocoria  3 
times,  left  eye  affected  2  times,  with  anisocoria  once. 

Of  18  toxic  amblyopia,  anisocoria  was  present  in  5  cases, 
or  28  per  cent.  These  cases  show  usually  unequal  vision; 
the  eye  with  the  poorer  vision  in  indicated. 

Eye  Affected.  Pupil  Larger.  Pupils  Equal. 

R.  E 5  R.  P.  3 

L.  E 4  L.  P.  4 

R.  E 1  L.  P.  1 

L.  E 1  R.  P.  1 

Vision  equal:    Pupil  equal  5  times. 
Vision  equal:   L.  P.  larger  1. 

I  have  also  placed  in  this  class  cases  of  accessory  sinusitis 
because  of  the  toxic  action  or  direct  influence  of  the  disease 
on  the  optic  nerve.  There  is,  however,  a  difference  of  opinion 
as  to  how  this  influence  is  exerted. 

These  cases  were  referred  for  refraction  because  of  severe 
headaches,  but  upon  close  examination  it  was  found  they 
gave  more  or  less  of  a  typical  history  of  some  involvement 
of  the  nasal  cavity,  confirmed  by  inspection  or  by  means  of 
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the  rc-ray.  In  some  of  these  cases,  because  of  the  refusal  to 
have  a  radiograph  made,  it  was  impossible  to  determine 
exactly  the  sinus  involved. 

Of  the  18  cases  presented,  4  were  acute,  14  chronic.  Of 
the  former,  both  sides  affected  once,  the  right  3  times; 
2  had  anisocoria,  2  equal  pupils. 

Of  the  chronic  cases,  14  in  number,  10  were  unilateral,  4 
bilateral.  Of  the  unilateral  cases,  the  pupils  were  equal  in  7, 
unequal  in  3,  the  side  affected  having  the  larger  pupil.  Of 
the  bilateral,  unequal  in  1,  equal  in  3.  In  one  of  the  uni- 
lateral cases  there  was  no  light  perception  and  pupil  widely 
dilated  and  inactive. 

Analyzing  each  class  one  finds  in  typical  optic  nerve  lesions 
a  very  high  percentage  of  anisocoria,  and  the  eye  with  the 
greater  reduction  in  vision  has  the  larger  pupil.  We  must  bear 
in  mind,  however,  that  optic  atrophies  are  not  infrequently 
premonitory  symptoms  of  tabes,  which,  as  is  widely  known, 
has  a  rather  high  percentage  of  anisocoria.  According  to 
Wilbrand  and  Saenger,  the  condition  of  the  pupil  depends 
upon  the  intensity  and  area  of  the  nerve  involved.  In  in- 
flammations of  the  maculopapular  bundle  with  large  cen- 
tral scotomata,  the  pupil  is  somewhat  larger  in  affections  of 
the  periphery  of  the  nerve  or  inflammatory  lesions  not  affect- 
ing this  bundle,  in  which  the  light  stimulus  produces  ener- 
getic reaction  when  the  latter  is  stimulated.  Of  course,  my 
series  of  cases  is  not  sufficient  to  contradict  this  statement, 
but  the  series  of  toxic  amblyopic  cases  does  not  confirm  it: 
in  fact,  with  the  vision  worse  in  the  right  eye  in  six  cases,  the 
right  pupil  was  larger  only  twice,  the  left  once,  and  equal  in 
the  remaining  three  cases.  I  wish  to  combat  the  general 
statement  regarding  the  loss  of  pupillary  reaction  in  an  eye 
completely  amaurotic  from  optic  atrophy.  That  an  eye 
which  is  completely  blind  can  have  a  direct  pupillary  reac- 
tion, although  not  prompt,  is  also  substantiated  by  Sanger 
and  Harlan  clinically  and  Hess  and  Behr^  experimentally. 
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Sanger  has  obsorved  in  10  cases  of  optic  atrophy  that  a  reac- 
tion of  the  pupil  is  more  or  less  present  when,  after  delay  of 
some  time  in  the  dark,  the  retina  has  somewhat  recovered 
from  exposure  to  light  (Erholungs-Reaktion  der  Pupille). 
In  most  of  these  cases  there  were  found  a  cerebral  lues  and 
peripheral  optic  neuritis.  In  contrast  to  this  in  10  cases  of 
pure  tabes  the  reaction  was  not  present. 

Harlan^  has  also  observed  in  cases  of  optic  atrophy,  post- 
meningeal  and  congenital,  when  placed  in  a  dark  room  or 
one  eye  bandaged  for  some  time,  the  pupil  dilated,  but  on 
exposure  to  daylight  there  was  no  reaction;  if  exposed  to 
sunlight,  a  definite  contraction  of  the  pupil  occurred.  His 
explanation  is  that  visual  fibers  are  more  vulnerable  and  more 
rapidly  affected  than  pupillary  fibers. 

Hess  and  Behr  have  shown  that  there  are  in  the  optic 
nerve  fibers  which  conduct  visual  stimuli  and  fibers  for  the 
conduction  of  pupillomotor  stimuli — these  in  separate  com- 
partments. Since  clinical  experience  has  proved  that  a 
pupillary  reaction  may  be  present  in  a  blind  eye,  it  follows 
that  sensory  fibers  are  earlier  affected  from  inflammation  or 
pressure  than  motor  fibers.  This  is  also  seen  in  neurologic 
cases  in  which  lesions  of  a  mixed  nerve  will  first  produce  a 
loss  of  sensation,  followed  later  by  a  loss  of  motion. 

As  regards  toxic  amblyopia,  HanselP°  has  found  the  pupil 
frequently  dilated,  and  depending  upon  the  degree  of  ambly- 
opia, its  maximum  is  attained  when  light  perception  is  lost, 
due  to  the  interruption  of  the  first  part  of  the  circle  of  reflex 
pupil  reaction  by  the  morbid  changes  in  the  optic  nerve. 
A  stimulus  to  the  pupil  center  in  the  brain  or  cord  cannot  be 
carried  by  a  nerve  so  deficient  in  function  that  it  cannot 
convey  the  sensation  of  light.  According  to  Hansell,  cases 
of  toxic  amblyopia  with  unequal  vision  must  always  have 
unequal  pupils.    My  series  does  not  bear  out  this  assertion. 

It  has  been  further  suggested  that  this  difierence  may  be 
due  to  a  greater  vulnerability  to  toxins;  to  those  fibers  hav- 
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ing  a  finer  and  thinner  medullary  sheath  than  other  fibers, 
and  also  because  of  their  axial  position  they  have  more  diffi- 
culty in  eliminating  waste  substances — as  products  of  metab- 
olism or  toxic  absorption. 

In  the  consideration  of  pupillary  changes  in  accessory  sinus 
conditions  the  factors  causing  these  changes  are  closely 
allied  to  those  of  the  toxic  amblyopias. 

Stark  gives  Elschnig's  figures  of  cases  investigated.  The 
pupils  of  the  afTected  eyes  were  dilated  18,  or  about  20  per 
cent.;  contracted,  4  per  cent.  In  patients  with  dilated 
pupils  the  sinuses  affected  were :  ' 

Maxillary  and  ethmoid 1         Contracted  pupils: 

Maxillary  and  sphenoid 1  Ethmoid  and  sphenoid 1 

Ethmoid 9  Ethmoid 3 

Ethmoid  and  sphenoid 2 

Sphenoid 1 

Not  located 4 

That  the  influence  of  an  inflammation  of  an  accessory 
sinus  is  not  only  upon  the  optic  nerve,  but  also  upon  the 
pupil,  is  well  known.  We  have  all  had  cases  of  marked  re- 
duction in  vision  resulting  from  this  inflammation  and  also 
cases  of  changes  in  the  pupil.  The  first  to  note  an  inequality 
or  inactivity  of  the  pupil  is  sinusitis  was  Beer  in  1817,  later 
Trousseau,  Elschnig,  Roemer,  and  more  recently  Grunert. 
Grunert  in  1912  reports  12  cases  of  paralysis  of  the  accommo- 
dation and  sphincter  of  the  iris.  Of  these  12  cases,  7  were 
caused  by  nasal  affections,  mostly  empyema  of  the  ethmoid 
and  sphenoid  sinuses  cured  after  operation.  Grunert  gives  as 
the  cause  of  the  pupillary  involvement  the  direct  influence 
on  the  short  root  of  the  ciliary  ganglion  by  the  pathologic 
process  along  the  periosteum  of  the  sinus  reaching  the  branch 
of  the  nerve  which  runs  from  the  depth  of  the  orbit  forward 
or  by  irritating  its  supplying  vessel.  He  further  states  that 
the  pupillary  fibers  were  damaged  earlier  and  more  intensely 
than  those  of  accommodation. 


f 
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Group  IV. 

In  this  group  are  placed  paralyses  of  the  extra-ocular 
muscles  and  the  Argyll-Robertson  pupil.  The  former  should 
be  recognized  as  a  premonitory  symptom  of  serious  lesion  of 
the  cerebrospinal  axis,  just  as  is  the  latter. 

The  effect  of  a  muscle  paralysis  upon  the  pupil  can  readily 
be  determined  by  the  muscle  involved.  It  is  to  be  expected 
in  lesions  of  the  third  nerve  that  pupillary  inequality  is 
more  apt  to  be  present  than  in  lesions  of  the  fourth  or  sixth 
nerve. 

It  should  also  be  borne  in  mind  that  a  paralysis  occurring 
in  younger  patients  has  as  an  etiologic  factor  lues,  which  is 
well  known  to  be  the  cause,  if  not  entirely,  of  tabes;  there- 
fore, inequality  of  the  pupils  should  be  rather  frequent  in 
extraocular  muscle  paralyses. 

Of  the  30  cases  of  ocular  muscle  paralyses  coming  under 
my  observation,  12,  or  40  per  cent.,  had  anisocoria.  Of 
these,  the  left  pupil  was  the  larger  7  times;  the  right,  5  times. 
In  6  of  these  cases  both  pupils  were  inactive  to  light  but 
active  to  accommodation  and  convergence.  These  cases  of 
rigidity  of  the  pupils  are  not  included  in  the  class  to  follow. 
Of  the  equal  pupils,  numbering  18,  15  were  active,  1  inactive, 
and  2  sluggish,  right  and  left. 

ArgyU-Rohertson  Pupil. 
Of  the  greatest  importance  to  the  ophthalmologist  and 
neurologist  is  the  Argyll-Robertson  pupil,  a  pupil  which  will 
react  either  sluggishly  or  is  inactive  to  light  but  active  to 
accommodation  and  convergence;  yet  the  latter  may  also 
be  absent  in  extreme  affections  of  the  cerebrospinal  axis. 
Whether  or  not  a  sluggish  pupil  should  be  considered  an 
Argyll-Robertson  is  questioned  by  Uhthoff,^-^  who  warns  us 
to  be  careful  in  using  the  sluggish  light  reaction  as  a  symptom 
because  other  conditions,  e.  g.,  intraocular  lesions,  which  have 
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nothing  in  common  with  tabes  or  general  paralysis,  give  rise 
to  a  defective  light  reflex.  Roemer^^  also  calls  attention  to 
this  as  a  common  error.  Wiener^'  likewise  warns  of  the 
danger  of  pronouncing  a  pupil  an  Ai-gyll-Robertson  when 
it  has  no  light  to  be  so  classed.  The  result  is  that  the 
patient  is  regarded  as  an  old  syphilitic  and  a  tabetic  when  he 
probably  is  nothing  of  the  kind. 

Regarding  the  irregular  outline  of  the  pupil  as  an  e\'idenee 
of  impending  loss  of  Hght  reflex,  it  is  questionable,  and  I  think 
far  fetched,  to  consider  this  so.  I  have  seen  a  great  many 
irregularly  outlined  pupils  active  to  light,  but  it  has  not  been 
my  privilege  to  follow  up  these  cases  to  satisfy  myself  that 
this  opinion,  as  held  by  Hall,  Gordon  Holmes,^^  and  Luther 
C.  Peter,  is  correct. 

Hall  has  observed,  in  the  absence  of  the  Argyll-Robertson 
pupil,  three  other  conditions  as  symptoms  of  disease  of  the 
cerebrospinal  axis,  more  especially  tabes  and  general  paral- 
ysis, viz. :  irregularity,  inequality,  and  sluggishness.  If  such 
were  the  case,  the  patients  having  an  absence  of  reflex 
rigidit}^  and  presence  of  the  three  conditions  should  be  con- 
sidered as  having  a  serious  lesion. 

Gordon  Holmes  also  calls  attention  to  the  freciuency  of 
unequal  pupils  and  the  irregularity  in  outline,  although  the 
latter  he  regards  as  more  significant  of  general  paresis.  He 
further  gives  the  loss  of  consensual  reflex  as  often  the  first 
sign  of  an  anomaly  in  the  reaction  of  the  pupil.  He  speaks 
of  this  as  a  modified  Argyll-Robertson  pupil. 

Luther  Peter  gives  the  irregularity  in  pupillary  outline  and 
inequahty  of  the  pupil  as  an  early  evidence  of  tabes. 

I  wash  to  impress  upon  my  colleagues  the  importance  of 
testing  the  pupillary  reaction  in  all  cases  presenting  for  re- 
fraction, whether  or  not  suspicion  of  a  lesion  of  the  cerebro- 
spinal axis  is  present.  Not  with  the  idea  in  mind  that  a 
diagnosis  can  be  made  on  the  pupil  alone,  because  no  single 
phenomenon  of  the  pupil  is  able  to  locate  a  lesion  at  a  certain 
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place  in  the  nervous  system;  but  the  presence  of  a  reflex 
rigidity,  whether  unilateral  or  bilateral,  with  few  exceptions, 
is  an  evidence  of  a  serious  nervous  lesion. 

The  Argyll-Robertson  pupil  may  be  unilateral  or  bilateral. 
Bach  and  Uhthoff  state  that  the  former  may  remain  so  for 
years  and  exist  as  an  isolated  symptom,  and  have  the  same 
significance  as  the  bilateral,  as  regards  both  the  diagnosis  and 
the  prognosis.  On  the  other  hand,  Clark  ^^  thinks,  because  of 
the  difficulty  of  excluding  a  local  lesion,  a  unilateral  Argyll- 
Robertson  should  not  be  considered  a  premonitory  symptom 
of  tabes.  Surely  there  should  be  no  difficulty  in  ehminating 
a  local  lesion. 

A  curious  feature  of  the  Argyll-Robertson  pupil  is  the  com- 
plete absence  of  any  evidence  of  the  patient  having  had  an 
iritis  or  iridocyclitis.  Wernicke^^  has  also  carefully  examined 
a  large  series  of  tabetics  as  to  signs  of  previous  specific  in- 
flammation of  these  structures  without  finding  any. 

One  must  expect  a  rather  high  percentage  of  anisocoria  in 
these  cases  because  of  the  selective  action  of  the  specific 
poison  on  the  nervous  system. 

Of  the  cases  examined,  there  were  43  presenting  the  Argyll- 
Robertson  pupil,  24  referred  for  ophthalmoscopic  examina- 
tion, 19  called  for  refraction  complaining  of  the  usual  asthe- 
nopic  symptoms.  Of  the  43  cases,  anisocoria  was  present  30 
times,  or  70  per  cent.  The  remaining  had  equal  pupils.  There 
was  a  unilateral  rigidity  11  times,  bilateral,  19  times.  Of  the 
cases  calling  for  refraction,  specific  lesion  was  admitted  in 
5  cases,  Wassermann  positive  in  4.  The  remaining  10  denied 
infection  and  had  no  Wassermann  made,  assuming  that  the 
family  physician  failed  to  recognize  the  seriousness  of  the 
lesion. 

A  comparison  of  the  above  series  with  that  of  Uhthoff  is 
somewhat  at  variance.  The  latter,  in  the  examination  of  a 
large  number  of  cases  of  tabes,  finds  pathologic  disturbances 
of  the  pupil  with  regard  to  anisocoria  as  22  per  cent.    He, 
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however,  after  giving  64  per  cent,  by  other  authors,  neglects 
the  minimum  difference  which  he  states  is  not  uncommon  in 
healthy  individuals,  hence  his  figure  is  only  22  per  cent. 
Forster's'^  percentage  is  33,  while  Roemer,  is  25  per  cent. 

Group  V. 

In  this  group  I  have  placed  local  causes,  e.  g.,  teeth,  ears; 
idiopathic,  viz.,  epilepsy,  ophthalmic  migraine,  pulmonary 
lesions. 

That  irritation  of  the  fifth  nerve  or  its  branches  affects  the 
pupil  has  been  shown  by  Kreidl  and  Karplus'^  experiment- 
ally. Irritations  of  the  trigeminus,  producing  marked  dila- 
tation of  the  pupil.  This  has  been  observed  clinically  by 
Despagnet  as  early  as  1833,  who  reports  a  partially  dilated 
pupil  which  returned  to  normal  after  removal  of  a  carious 
molar  and  sequestrum  of  the  alveolar  process.  Verrey'^^  cites 
the  case  of  a  woman  giving  history  of  a  pain  at  the  angle  of 
the  inferior  maxilla  on  the  right  side,  duration,  twenty-four 
months,  more  or  less  continuous,  and  radiating  toward 
her  ear;  pupil  dilated;  reaction  to  light  and  accommoda- 
tion. Vision  normal;  accommodation  normal,  no  paralysis; 
fundi  normal.  An  interrupted  wisdom-tooth  was  extracted, 
with  the  result  that  the  pupil  became  normal  in  two  days. 
Verrey  thinks  the  mydriasis  was  spasmodic  and  due  to  a 
reflex  transmitted  through  the  sympathetic,  medulla,  Gas- 
serian  ganglion,  and  ophthalmic  branch  of  the  trigeminus. 
Spiller's"  tumors  of  Gasserian  ganglion  which  were  examined 
by  de  Schweinitz  showing  intraocular  changes,  had  a  possi- 
bility of  inequality  being  caused  by  fundal  conditions.  These 
are  the  only  two  cases  of  Gasserian  ganglion  I  have  been 
able  to  find. 

In  view  of  the  work  done  by  Metzner  and  Woeflin,-^  in 
which  curetage  of  the  middle  ears  of  guinea-pigs  produced  a 
contraction  of  the  pupil  on  the  same  side,  but  not  to  the  same 
degree  as  extirpation  of  the  superior  cervical  sympathetic 


Tarun:   Pupillary  Studies.  319 

ganglion,  I  was  more  or  less  curious  to  know  the  effect  of 
middle-ear  inflammation  on  the  pupil.  Of  the  radical  mas- 
toidectomies done  since  my  interest  in  anisocoria,  records 
show  that  no  difference  in  the  pupil  size  has  occurred.  Of 
the  inflammatory  cases  with  acute  mastoiditis  with  fundal 
examination  before  operation  in  47,  pupillary  differences 
were  present  in  only  8  cases,  or  17  per  cent. 

Epilepsy,  12  cases:  5  anisocoric,  7  equal,  and  of  the 
anisocoric  the  right  pupil  larger  3  times,  left  twice;  all  pupils 
active  to  light  and  accommodation. 

Migraine,  ophthalmic,  in  28  cases.  These  cases  gave  typi- 
cal history;  ages  ranged  from  eleven  to  thirty-nine  years. 
Anisocoria  6  times,  or  21.5  per  cent.;  the  right  pupil  larger 
3  times,  left  3  times.  Since  migraine  is  considered  by  some 
a  vascular  disturbance  affecting  various  parts  of  the  cortex 
and  the  dural  branches  of  the  trigeminus,  which  is  a  part  of 
the  vasomotor  reflex  cycle,  it  follows  that  there  should  be, 
during  an  attack,  unequal  pupils,  the  side  affected  being  the 
larger.  I  have  never  seen  a  case  during  an  attack.  If,  how- 
ever, as  some  later  contributors  have  attributed  it  to  a  dis- 
turbance of  nutrition,  usually  from  the  internal  secretory 
glands,  then  we  would  expect  equal  pupils  more  frequently. 

Pulmonary  Lesions. 

In  pulmonary  lesions  the  findings  of  these  observers  are 
of  some  interest ;  thus  Bukolt-^  has  observed  in  35  cases  of 
unilateral  pneumonia  G5  per  cent,  aniscoria;  mydriasis  was 
present  in  the  affected  side  14  times;  miosis,  9  times.  Pneu- 
monia complicated  with  pleurisy,  17  cases;  anisocoria  16 
times;  10  times  mydriasis;  6  miosis  on  affected  side.  Pleu- 
ritis  sicca  4  cases,  1  only  mydriasis;  10  cases  exudative,  1 
mydriasis;  3  miosis,  1  alternating  mydriasis  and  miosis 
on  affected  side.  Empyema  4  cases — 2  miosis,  1  mydria- 
sis. 

This  analyzed  resolves  itself  into  the  following:  that  66 
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per  cent,  mydriasis  is  more  frequent  in  the  affected  side  in 
definite  lung  involvement  and  pleural  pneumonia,  whereas 
in  pleurisy,  both  dry  and  exudative,  the  pupils  are  less  fre- 
quently affected  and  then  miosis  is  more  common. 

In  the  pulmonary  tuberculosis  cases  58  per  cent,  anisocoria 
of  14  cases,  7  mydriasis,  4  miosis,  on  affected  side.  Aniso- 
coria more  frequent  in  second  stage  of  disease. 

Generally  in  acute  lesion  of  the  lung  a  mydriasis  was  pres- 
ent, at  times  alternating  mth  miosis. 

Of  94  cases,  69  per  cent,  anisocoria,  39  times  mydriasis, 
22  times  miosis  on  affected  side. 

Robinson^^  gives  Pernot's  statistics :  1140  cases,  14  per  cent, 
anisocoria  in  the  advanced,  and  early  and  secondary  stage 
14  per  cent.  Brown,  of  Saranac,  15  in  181  early  cases,  or 
12  per  cent.  Robinson's  own  cases  showed  almost  25  per 
cent,  with  unequal  pupils — the  altered  pupil  on  the  same 
side  as  the  pulmonary  lesion.  In  the  first  stage  the  pupil 
was  dilated;  second  stage  sometimes  dilated  and  sometimes 
contracted  on  the  same  side.  In  the  third  stage  the  change 
was  more  generally  contraction.  This  confirms  Bukolt's 
findings  in  acute  cases  of  pneumonia,  in  which  the  dilatation 
was  present  in  66  per  cent,  of  the  cases. 

That  the  sympathetic  system  is  influenced  by  the  lung  is 
shown  by  Rudolph  and  Somogyi,-^  who  noticed  respiratory 
pupillary  phenomena  by  deep  inspiration  in  which  the  pupil 
dilated,  and  on  beginning  of  expiration  contraction  occurred. 
This  is  explained  as  follows:  in  deep  inspiration  the  tone  of 
the  anatomic  system  is  diminished,  the  sympathetic  system 
preponderating  and  the  pupil  enlarges,  whereas  by  expiration 
the  tone  of  the  anatomic  system  increases  and  the  pupil 
contracts. 

Conclusions. 
An  analysis  of  these  cases  shows  anisocoria  not  infrequently 
present — in  the  total  number  of  cases  analyzed,  19.39  per 
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cent.  Comparinjy  this  with  the  total  number  in  which  the 
ages  were  obtained,  there  was  an  average  of  19.70,  the  differ- 
ence being  rather  insignificant. 

The  normal  eyes  averaged  18.54  per  cent.,  which  gradually- 
increased  in  diseased  eyes  and  lesions  of  the  nervous  system 
until  a  maximum  of  70  per  cent,  was  noted  in  the  Argyll- 
Robertson  pupil. 

It  is  evident,  therefore,  that  the  cases  having  normal  eyes 
in  which  anisocoria  averaged  18.54  per  cent,  cannot  be  con- 
sidered as  having  a  physiologic  anisocoria.  Indeed,  I  am 
rather  skeptical  in  believing  that  there  is  such  a  condition, 
although  Bach  and  Behr  think  it  does  exist.  In  view  of  the 
percentage  of  anisocoria  in  the  normal  eyes  there  must  have 
been  some  condition  present,  eliminating  a  toxin,  during  the 
lifetime  of  the  individual,  acting  not  upon  the  motor  supply 
of  the  sphincter  muscle  of  the  iris,  but  upon  the  sympathetic 
fibers  to  the  dilator  pupillse. 

The  question  may  be  asked,  "Why  is  this  action  not 
symmetrical?"  Auer,  in  stimulating  the  depressor  nerve 
in  the  white  rabbit,  which  had  been  narcotized  by  mor- 
phin,  caused  a  definite  diminution  in  the  size  of  the 
pupil  ;  at  times  the  same  stimulus  would  cause  a 
contraction  of  its  fellow;  that  the  two  depressors  vary 
in  their  pupillary  effect — one  may  yield  excellent  pupil 
contraction,   the   other  none    at   all. 

If  these  fibers  are  so  variable  in  their  number  and  suscepti- 
bility to  irritation,  then  it  follows  that  an  irritation  being 
continued  must  eventually  cause  atrophy  of  some  of  the 
fibers,  thereby  resulting  in  a  diminution  of  their  number  with 
a  disturbance  in  the  relation  to  those  of  the  sphincter.  A 
striking  example  of  this  is  the  observation  made  by  Bukolt 
in  the  examination  of  patients  suffering  from  pulmonary 
lesions.  In  pulmonary  pneumonia  he  has  found  inequality 
in  66  per  cent,  of  cases  and  pulmonary  tuberculosis  in  58 
per  cent. 

21 
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The  Diagnostic  Value  of  Anisocoria. 

There  is  a  wide  difference  of  opinion  as  to  the  value  of 
inequality  of  the  pupils.  According  to  Roemer,^'  a  great 
revolution  has  taken  place  in  our  views  concerning  aniso- 
coria. Formerly  it  was  considered  almost  invariably  a  bad 
prognostic  sign,  and  he  knows  of  several  cases  in  which  tabes 
and  progressive  paralysis  were  diagnosed  in  perfectly  healthy 
persons  from  this  symptom  alone.  He  recognizes  the  exist- 
ence of  slight  difference  in  size  under  normal  conditions,  but 
marked  inequality  he  considers  a  pathologic  phenomenon, 
de  Schweinitz-^  also  believes  slight  inequality  is  sometimes 
seen  in  healthy  persons  and  may  be  congenital.  Marked 
inequality  he  also  considers  pathologic. 

Windemiller-^  states  that  pupillary  abnormalities  are  of 
comparatively  little  diagnostic  importance.  Inequality  oc- 
curs in  too  many  other  conditions  to  be  of  value.  Irregu- 
larity of  the  pupil  does  not  occur. 

To  any  one  who  is  on  the  lookout  for  lues,  Jackson^" 
thinks  the  pupil  is  enormousl}^  suggestive. 

Byschowski^^  collected  in  an  exhaustive  article  the  proof 
that  anisocoria  is  of  greater  semeiotic  importance  than  is 
generally  supposed.  He  does  not  believe  in  the  great  statis- 
tics which  show  high  percentage  of  anisocoria  without  no- 
ticeable cause,  and  refers  these  cases  to  the  category  of  con- 
genital anomalies.  Byschowski  is  convinced  that  in  a  ma- 
jority of  cases  a  thorough  examination  will  reveal  a  cause  for 
the  anisocoria  and  considers  this  an  acquired  alteration. 
A  mere  anisocoria  does  not  suffice  for  a  diagnosis  or  prognosis. 

Duane^-  goes  to  the  other  extreme  by  stating  that  inequal- 
ity of  the  pupils  is  always  pathologic,  yet  according  to  a 
number  of  observers  anisocoria  may  occur  in  those  who  are 
in  perfect  health  or  who  at  most  suffer  from  a  functional 
neurosis.  In  such  cases  it  may  be  transient.  In  these  non- 
pathologic  anisocorias,  which  are  probably  quite  rare,  the 
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pupils  are  round  and  the  pupillary  reaction  normal— a  factor 
which  distinguishes  it  from  most  cases  of  pathologic  aniso- 

coria  (Uhthoff). 

Rodiet"  considers  anisocoria  an  important  symptom  of  the 
first  period  of  progressive  paralysis,  and  makes  its  appear- 
ance before  any  other  symptom  of  the  disease;  he  modifies 
this  by  the  importance  of  considering  the  nature  of  the  light, 
accommodation,  and  the  immobility  of  the  eyeball,  because 
these  are  all  factors  which  have  some  influence  on  the  size 
of  the  pupil.  He  further  gives  the  main  symptom  of  pro- 
gressive paralysis,  i.  e.,  progressive  internal  ophthalmoplegia. 

It  is  my  personal  opinion  that  inequality  of  the  pupils  is 
of  little  value  when  the  pupils  are  active  to  light,  when  there 
is  only  a  slight  difference  in  size,  and  in  some  cases  when  even 
a  marked  difference  exists.  That  it  is  of  the  utmost  value  in 
determining  the  location  of  the  lesion  of  the  cerebrospinal 
axis  when  there  is  a  slight  difference  in  size  plus  inactivity  to 
light,  directly  or  consensually.  That  it  is  of  value  at  times 
when  one  or  both  are  not  uniformly  round  and  sluggishly 
active. 
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REPORT  OF  CO^IMITTEE  ON  STANDARDIZATION 

OF  THE  ILLUMINATION  OF  TEST-CARDS 

AND  PERIMETERS. 

The  Committee  on  the  Illumination  of  Test-cards  and 
Perimeters  desires  it  to  be  known  that  the  preliminary  report 
which  it  herewith  presents  is  the  result  of  a  conference  of 
the  Joint  Committee  of  the  Illuminating  Engineering  Society 
and  your  Committee,  held  December  28,  1914,  at  which  was 
discussed  a  sketch  of  the  subjects  previously  prepared  by 
the  chairman  of  the  Committee  of  the  Illuminating  Engineers, 
Dr.  P.  W.  Cobb,  and  the  former  Chairman  of  your  own  Com- 
mittee, Dr.  W.  B.  Lancaster. 

Test  Types. — The  sketch  has  to  do  with : 

1.  Factors  which  influence  visual  acuity — 
(a)  Insufficient  light  on  the  test-object. 

(6)   Too  much  light  or  light  wrongly  distributed, 
(c)   Color  of  the  light. 

2.  The  effect  of  a  different  pupillar}-  diameter  from  those 
under  which  the  prescribed  glasses  are  to  be  worn. 
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And  the  conclusions. 

(1)  Whothor  ooiulitions  reasonably  attainable  in  the 
ophthalmologist's  office  afford  the  maximum  possible  visual 
acuity. 

(2)  What  conditions  as  to  brightness-distribution  in  the 
visual  field  give  the  best  results,  other  things  being  equal. 

(3)  The  relative  importance  of  reproducing  the  ''working  " 
size  of  pupil,  and  how  it  may  be  attained  if  essential. 

Perimetry. — Under  this  head  are  considered  the  peculiari- 
ties of  the  periphery  of  the  retina.  As  a  result  of  these,  the 
following  factors  must  be  considered : 

(1)  The  rapid  adaptation  of  the  peripheral  retina,  owing 
to  which  a  sensation  rapidly  loses  its  characteristic  quality 
while  the  stimulus  continues  to  act  upon  it. 

(2)  The  fact  that  the  peripheral  retina  is  peculiarly  sub- 
ject to  contrast,  so  that  the  same  test  surface  gives  different 
results  according  to  the  background  upon  which  it  is  seen. 

(3)  In  addition,  the  fact  must  not  be  overlooked  that  the 
results  obtained  are  totally  different  with  colored  test-spots 
of  different  sizes.  Even  the  central  retina  fails  to  recognize 
color  when  the  colored  spot  is  made  sufficiently  small 
in  size. 

And  the  conclusions  that  the  following  points  will  be  of 
value  in  any  attempt  at  standardization  of  perimetric  con- 
ditions : 

(1)  Is  the  method  of  perimetry  involving  the  use  of  colored 
light  stimuli  in  a  dark  room  objectionable? 

(2)  If  so,  how  extensive  need  the  background  be  upon 
which  the  color  spot  is  shown,  in  order  that  the  remainder 
of  the  visual  field  may  be  of  negligible  or  practically  constant 
influence  through  contrast? 

(3)  Is  the  method  of  shifting  fixation  instead  of  shifting 
position  of  the  test-spot  practically  accurate? 

(4)  What  illumination  (or  brightness)  of  the  surfaces 
affecting  the  result  is  a  desirable  and  practicable  one? 
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(5)  What  size  and  color  are  most  suitable  for  the  test- 
spots,  and  how  may  the  color  of  these  be  standardized? 


I.   Illumination  of  Test-types. 

It  does  not  appear,  from  any  experimental  data  at  hand, 
that  there  is  any  critical  point  at  which  visual  acuity  cease's 
to  rise  with  increase  of  illumination  and  begins  to  decline 
with  further  increase.  Furthermore,  it  does  appear  from 
the  same  data  that  visual  acuity  is  an  extremely  slow-varying 
function  of  the  brightness  of  object,  so  that  the  latter  may 
undergo  quite  material  change  without  significant  change  in 
the  result. 

Ophthalmic  test-charts  are  seldom  or  never  designed  with 
differences  of  less  than  10  per  cent,  in  the  size  of  successive 
lines.  In  fact,  the  uncertainty  of  the  results  makes  a  larger 
difference  more  expedient,  and  the  charts  in  common  use 
involve  differences  in  the  ratio  of  3  to  4  or  2  to  3  between 
successive  lines  in  the  region  considered.  It  is  then  evident 
that  an  increase  in  the  illumination  of  30  to  60  per  cent, 
would  cause  such  a  difference  in  visual  acuity  as  could  be 
found  only  by  methods  more  refined  and  much  more  pro- 
longed than  those  found  necessary  in  the  ophthalmologist's 
practice.  The  standard  wax  candle  and  the  ancient  shadow 
photometer  would  seem  then  to  be  all  the  photometric 
equipment  necessary  for  adequately  accurate  measurement 
of  the  illumination  of  the  test-chart,  the  only  question  re- 
maining being  the  more  or  less  arbitrary  one  of  selecting  the 
illumination  which,  on  the  whole,  best  fulfils  all  require- 
ments. 

The  effect  of  the  brightness  of  the  surroundings  on  visual 
acuity  may,  from  our  present  knowledge,  be  summed  up  as 
follows : 

(1)  Great  excess  of  brightness  in  the  surroundings  over 
that  of  the  chart  will  reduce  visual  acuity. 
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(2)  Perfectly  dark  surroundings  may  not  give  as  high  a 
value  as  surroundings  of  the  order  of  brightness  -of  the  test- 
object.  Even  when  somewhat  brighter  than  the  test-object, 
the  bright  surroundings  have  been  shown  to  give  an  advan- 
tage of  5  per  cent,  over  the  dark  in  some  cases. 

In  addition,  high  difference  in  either  direction  is  trying 
to  the  observer,  and  should,  for  that  reason,  be  avoided. 
Translucent  test-charts  are  not  recommended  for  use  in  a 
dark-room. 

The  choice  is  in  favor  of  surroundings  of  subdued  hue, 
if  colored  at  all,  and  from  the  facts  given,  of  an  order  of 
brightness  not  greater  than  that  exhibited  by  a  moderately 
light  gray  under  illumination  equal  to  that  of  the  test-carcj. 
This  is  to  apply  to  both  the  immediate  and  the  remote  sur- 
roundings. 

It  is  to  be  added  that  the  chart  and  the  patient  are  to  be 
so  arranged  that  no  light-source,  window,  or  other  spot  of 
high  brightness,  such  as  wall  or  ceiling,  used  as  secondary 
source  in  indirect  and  semi-indirect  lighting,  shall  be  visible 
to  the  patient  while  he  is  engaged  in  observing  the  test-chart. 

II.   Methods  of  Perimetry. 
There  is  almost  no  uniformity  whatever  in  the  apparatus 
or  in  the  technic  used  in  clinical  mapping-out  of  the  color- 
fields.    The  divergences  of  the  common  methods  can  be  ar- 
ranged under  the  headings  used  in  the  following  comments: 

(1)  The  perimeters  made  by  well-known  makers  do  not 
agree  in  so  fundamental  a  dimension  as  the  radius  of  the  arc. 

(2)  Various  makers  put  out  test-colors  of  quite  different 
hues  and  shades,  which  pass  current  under  the  same  color- 
designation. 

(3)  The  technic  by  which  the  test-color  is  presented  to  the 
subject  is  variable  to  extremes. 

On  the  one  hand  is  the  practice  of  holding  the  spot  at  the 
end  of  a  slender  staff  in  the  hand  of  the  ophthalmologist  and 
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so  sliding  it  about  the  face  of  the  perimeter-arc  until  the 
limit  of  its  visibility  is  found.  The  advantages  of  this  pro- 
cedure are  speed  and  the  fact  that  the  subject  can,  it  is  said, 
be  more  narrowly  watched,  and  that  he  is  not  required  to 
hold  his  fixation  so  long,  so  the  slips  of  fixation  are  less  of  a 
factor  and  may  be  more  readily  detected  by  the  one  making 
the  examination.  Against  this  method,  it  is  to  be  said  that 
the  personal  factor  of  the  examiner  is  more  apt  to  enter  and 
influence  the  results  than  in  using  a  more  formal  method. 

On  the  other  hand,  perhaps  the  most  formal  method  in  use 
involves  a  test-spot  which  slides  along  the  perimeter-arc 
and  which  is  sometimes  arranged  so  that  the  operator  can 
change  the  color  at  will  without  shifting  the  position  of  the 
spot.  He  then  has  his  choice  of  either  keeping  the  color  con- 
stant and  sliding  it  along  the  arc  until  it  is  seen  by  the  sub- 
ject, or  trying  different  points  on  the  arc  with  various  colors 
in  succession  and  noting  just  where  each  one  ceases  to  be 
recognized.  These  are  both  open  to  two  objections.  In  the 
first,  especially,  fixation  must  be  prolonged  and  therefore 
liable  to  shift;  and  the  second  makes  all  but  prohibitive 
demands  on  the  ophthalmologist's  time. 

(4)  The  attention  paid  to  the  illumination  of  the  test- 
spot  seems  wholly  inadequate. 

The  subject  is  ordinarily  seated  with  his  back  to  a  north 
window  and  facing  the  perimeter.  Under  these  conditions 
there  is  the  shadow  of  his  head  falling  upon  the  arc  in  certain 
positions,  while  even  without  this  the  illumination  is  widely 
uneven,  as,  for  example,  in  the  vertical  meridian,  where  the 
maximum  falls  in  the  lower  quadrant  at  about  its  middle  and 
the  minimum  similarly  in  the  upper  quadrant. 

It  was  the  sentiment  of  the  ophthalmologic  members  pres- 
ent that  the  methods  of  perimetry  now  in  use  are  unreliable 
in  that  no  two  different  examiners  can  independently  get 
similar  results  from  the  same  subject,  examiner  and  technic 
show  agreement  in  only  the  broadest  and  most  general  way. 
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It  is  to  be  remembered  that  in  ophthalmologic  examina- 
tions the  subject  is  at  l)est  an  untrained  and  incompetent 
observer,  and  not  seldom  ignorant  in  the  commonly  accepted 
sense  of  the  word.  This  fact  bears  a  certain  relation  to  the 
question  of  standardization,  since  its  effect  may  be,  to  a 
certain  extent,  obviated  by  adapting  the  method  used  to  the 
capacity  of  the  subject.  But,  after  all,  the  fact  remains  that 
in  examination  in  the  course  of  medical  practice  the  subject 
is  the  one  thing  that  cannot  be  standardized. 

In  so  far  as  these  irregularities  are  inherent  in  the  technic 
of  the  method,  their  causes  are  to  be  sought  chiefly  in  two 
places.  They  may  be  the  result  of  personal  bias  introduced 
by  the  examiner,  or  they  may  be  the  result  of  variations  in 
the  physical  conditions  surrounding  the  examination.  It 
is  possible  to  isolate  all  these  variable  factors  experimentally 
and  determine  the  extent  of  the  error  introduced  by  each  one, 
thereby  establishing  a  sound  basis  for  standardization.  This 
involves  a  large  amount  of  work,  much  of  which  might  prove 
to  have  no  practical  value  in  the  end,  since  it  may  ultimately 
be  shown  that  the  errors  of  method  are  negligible  and  the 
variations  are  those  of  the  eye  of  the  subject. 

To  the  end  of  bringing  order  into  the  chaos  of  perimetry 
the  best  immediate  means  seems  to  be  to  start  with  what 
appears  to  be  the  most  glaring  source  of  error,  and  find  out 
by  investigation  exactly  how  that  error  shows  itself  on  the 
perimetrist's  cha^rt.  A  few  such  investigations  would,  it 
seems,  soon  show  whether  the  errors  are  chiefly  personal 
or  chiefly  technical,  and  whether  the  work  justifies  the  time 
spent. 

In  pursuance  of  this  idea  it  is  recommended : 

(1)  That  it  be  determined  what  the  effect  is  of  such  dif- 
ferences as  obtain  under  the  usual  daylight  illumination  of 
the  perimeter  in  the  illumination  of  the  test-spot  in  different 
parts  of  the  visual  field.    And  further: 

(2)  That  samples  of  the  colors  be  obtained  from  the  vari- 
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ous  makers  with  a  view  to  spectrophotometric  or  colori- 
metric  examination  and  intercomparison,  and  possible  adop- 
tion of  certain  ones  as  standard. 

Respectfully  submitted, 

William  Zentmayer, 
George  S.  Crampton, 
H.  Maxw^ell  Langdon, 

Committee. 
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